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PREFACE 


I  lie  need  lo  achieve  night  all-weather  operation  ol  tactical  air  forces  in  the  lace  of  increasing  lethal  threats  is  becoming 
critical  and  suggests  a  requirement  for  increased  automation  in  order  to  reduce  pilot  workload  and  improve  performance 
under  such  adverse  operational  conditions.  Recent  studies  and  recent  experience  in  the  tactical  fleet  suggest  an  approach  to 
this  problem  in  which  an  integrated  and  automated  guidance  -  control  navigation  —  display  system  would  become  a  core 
structure  mound  which  further  automation  could  be  developed  as  required. 

I  or  night  all-weather  operations,  such  a  core  structure  might  include  aided  flight  path  control  through  generation  and 
dtsplav  of  optional  trajectories,  generation  of  imagery  for  synthetic  visibility,  and  display  of  both  expected  and  unexpected 
threat' m  addition  to  automation  of  the  functions  of  accurate  positioning,  precision  tracking  and  automatic  terrain  following 
ami  avoidance.  I  he  techniques  described  in  recent  symposia  on  technical  integration  and  on  microprocessor  applications  to 
guidance  and  control,  together  with  continuing  rapid  developments  of  technology  in  integration  of  multifunctional  sensors, 
computer  architecture,  microprocessor  and  data  distribution  systems,  will  permit  many  different  approaches  to  automated 
core  structure.  1  he  purpose  of  the  symposium  was  to  explore  the  design  characteristics  and  trade-offs  involved  in  the 
components,  the  functions  and  systems  integration  required  to  support  the  evolution  and  development  of  alternative  core 
structures  w  hich  arc  capable  of  enabling  effective  and  routine  night  all-weather  operations. 

PREFACE 

II  dev  tent  actncllcmcnt  essentiel  pour  les  forces  acridities  tactiqucs.  face  aux  menaces  morlelles  eroissantes,  de  pouvoir 
cMevtvur  vies  operations  vie  twit  et  tout  temps;  il  scmble  done  ncccssnire  d'aceroitre  I'automatisation  a  fin  de  reduire  la  charge 
de  :t avail  tlu  pilote  el  il'ameliorer  les  performances  dans  ces  conditions  operationnellcs  defavorahles.  De  recentcs  etudes 
.tiit'i  que  l  expcrience  accumulees  ces  temps  derniers  par  la  flotte  lactique  semblent  indiquer  qite.  pour  rcsoudre  eo 
ptohlente.  on  doit  laire  appel  it  tin  svsleme  de  guidage.  de  pilotage,  de  navigation  et  d'aflichage  integre  et  automatisc  qtti 

dw  it  ad  tail  line  si  met  tire  cent  rale  amour  tie  laqucllc  on  pourrait  dcvcloppcr  une  automatisalion  additionelle  scion  les 

he-'  Mils. 

I’out  les  operations  tout  temps  ct  de  nuit,  eelte  structure  cent  rale  pourrait  inclure  un  contrdle  assislc  de  la  trajeeloire  de 
•>>l  grace  a  I'claboration  ct  it  I'affiehagc  tic  di verses  Irajeetoires  possibles,  un  systeme generaleur  d'intages  pour  visibility 
s> mhetit|tie.  et  I'afliehage  tics  menaces  prevues  ou  non,  t|tti  s'ajouteraient  a  I'iiutomatisation  ties  Idnetions  tie  positionnement 
exact,  tic  poiirsiiitc  precise  et  de  suivi  de  terrain  et  devitentent  dobslaeles.  I.es  techniques  exposecs  au  tours  des  symposia 
i  ev  ents  sin  I  integration  technique  et  sttr  les  applications  dtt  microprocesseur  au  guidage  et  au  pilotage,  ainsi  que  les 
ileveloppements  technologiques  rapides  et  eontimts  qui  caructerisent  I'intcgration  ties  capteurs  mullifonctions.  I'architecture 
vies  onlmateurs.  les  svstemes  de  microproeesseurs  et  tie  diffusion  de  donnees,  permettront  d’abordcr  le  principe  de  la 
'ttticiiire  cent  rale  automatisee  de  bien  ties  fayons  differentes.  I.e  symposium  a  eu  pour  but  d'explorer  les  caractcristiqucs  et 
lev  compromts  relatifs  aux  eomposants.  ainsi  que  I'intcgration  des  systemes  et  des  functions  requiso  par  revolution  et  le 
tleveloppemeni  d  un  ehoix  de  structures  centrales  qtti  permettraient  dVI'fectuer  des  operations  de  routine  tout  temps  et  de 
unit 
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ASPECTS  TECHNIQUES  ET  OPERAT I0NNELS 


DES  SYSTEMES  AVIONIQUES  MODERNES 


S.  CROCE-SPINELLI 

Avions  Marcel  Dassault  -  Br&guet  Aviation 
92214  SAINT  CLOUD  BP  3QO 


RESUME 


Les  missions  par  mauvaise  visibilite  necessitent  d'utiliser  des  sense urs  ade- 
quats,  mais  auss'  de  resoudre  le  probleme  aigu  de  charge  de  travail  de  1 'Equipage. 
On  doit  decharger  1 'equipage  dans  les  taches  d  '  exp  1 o i ta t i on  des  senseurs  et  dans  les 
taches  d'execution,  mais  on  doit  aussi  l'assister  dans  son  role  essentiel  de  deci¬ 
sion  et  d'adaptation  rapides  aux  conditions  operationnelles  qui  evoluent.  Ces 
cons i dbra t i on s  doivent  orienter  1  '  a rch i tec tu re  et  1  '  i n t&gra t i on  de  nos  syst£mes  a 
partir  des  possibi 1 i tes  technologiques  modernes. 

i  -  INTRODUCTION 


Un  petit  nombre  seulement  des  missions  confi&es  aux  avions  d'armes  peut  §tre 
effectue  dans  l'etat  actuel  des  techniques,  de  nuit  ou  par  tout  temps.  II  est 
certain  que  1'extension  des  possibilites  aux  conditions  ou  la  visibilite  fait  defaut 
permettrait  une  augmentation  considerable  des  capacites  op&ra t i onnel 1 es  des  forces 
aer iennes. 

II  est  evident  que  le  probleme  est  de  remplar  -  la  vue  de  1 'equipage  partout 
ou  elle  est  1'instrument  pour  trouver  l'objectif  :  acquisition  directe  ou  indirecte 
(via  des  recalages  de  position),  navigation  vers  la  cible,  etc.  Un  probleme  comple- 
reritaire,  y  compris  dans  certaines  missions  ou  la  capacite  tout  temps  existe  deja, 
comme  1  '  i n t ercep t i on  air-air  ou  le  tir  missile  air-mer,  est  de  permettre  le  vol  a 
proximite  du  sol  ou  de  la  mer  ;  ceci  ndcessite  des  moyens  de  meme  nature  que  pour 
1  '  a c qu i s i t i on  d'objectif,  mais  correspond  a  des  durees  d ’ u t i 1 i s a t  i  on  beaucoup  plus 
longues  encore. 

II  va  done  s’agir  d'abord  de  trouver  des  "senseurs"  adequats. 

Mais  il  ne  faut  pas  perdre  de  vue  que  la  performance  globale  d'un  systene 
d'arre  reside  non  seulement  dans  les  performances  techniques  d ' dqu i pements  ,  mais 
.mss*  dans  1  'aptitude  a  l'emploi  par  1 'equipage.  En  effet,  nous  parlons  ici  de 
i/s  tones  pilotes  ou  l'operateur  humain  est  "dans  la  boucle". 

S',  1  ’  automat  i  sat  ion  semble  etre,  comme  l’indique  In  Litre  meme  de  co  sympo¬ 
sium,  ,jne  cle  aux  problemes,  il  est  toutefois  nOcessaire  de  preciser  son  role.  II  ne 
px-ut  etre  question  pour  ncus  d'imaginer  qu'elle  permette  de  se  substituer  a  l'homme, 
bien  cu  contra i re  ;  elle  doit  l'assister  dans  sa  tache  de  dScideur  ou  son  cerveau 
rest-  de  fa  con  evidente  la  machine  li  plus  puissante  et  la  plus  adaptative  qui  soit. 


C'est  de  ce  point  de  vue  que  nous  souhaitons  placer  cet  expose,  en  tant  qu'in- 
cc-ijrateur  de  systemes.  On  peut  d'ailleurs  dire  que  les  architectures  materielles  et 
logicielles  de  nos  systemes  sont  dictees  autant  sinon  plus  par  les  roles  de  1 ’equi¬ 
page  que  par  les  aspects  techniques  purs. 

Les  considerations  qui  suivent  s'articulent  done  avant  tout  autour  de  la 
charge  de  travail  du  pilote  et  de  son  impact  sur  I'efficacite  operati onnel 1 e  glo¬ 
bule.  Les  capacites  de  travail  de  nuit  ou  par  mauvais  temps  rendent  pa rt i cu 1 i eremen t 
aigue  cette  charge. 

PQSS1B1 1  1TLS  TECHNIQUES  DES  SYSTEMES  MOOERNES 

De  quo  i  d  i  s  poson  s  -  nous  pour  construire  nos  syst&mes  ?  Sans  entrer  dans  les 
details,  que  nous  1  a i sserons  aux  specialistes,  dressons  la  liste  des  principaux 
elements  qui  nous  interessent. 

2.1  -  Les  senseurs 

-  Les  senseurs  inertiels.  Les  techniques  se  diversifient  (centrales  a  plate- 
forme  ou  a  composants  lies,  gyrometres  laser  ou  a  bille,  etc.)  et  les  per¬ 
formances  s  'amel iorent.  Ces  senseurs  fournissent  un  parametre  essentiel  pour 
les  conduites  de  tir,  ma i s  aussi  pour  le  pilotage  :  le  vecteur  vitesse. 

-  Les  ra da rs  voient  Cgalement  leurs  performances  et  leur  technologie  evoluer. 
Les  possibilites  actuelles  apportent  tn  particulier  une  diversification  des 
modes  de  f  one  t  i  onnemen  t  dans  un  meine  radar  (formes  d'ondes,  tra  i  tements 
associes,  modes  de  balayage,  balayage  el ectron i que ,  .  .  . )  permettant  une 
adaptation  plus  fine  aux  multiples  conditions  opera t i onnel 1 es . 

-  Des  senseurs  nouveaux  apparaissent  ou  se  developpent  dans  le  domaine  §1ec- 
tro-optique  ;  lo  L 1  PAR ,  actif  comme  le  radar  mais  fonctionnant  dans  le 
domaine  infrarouge,  permettant  une  grande  resolution  ;  les  F  L 1 R ,  passifs, 
avec  de  grands  champs  fixes  par  rapport  a  1'avion  ( presentabl es  en  tete 
haute)  ou  de  petits  champs  gy ros t a b i 1 i ses  et  orientables  ;  les  cameras 
t  ej  e  v  j_s  i  o_n  con  von  t  i  onne  1  1  es  ou  television  bas  niveau  de  lumiere  (LLTV)  ;  les 
detecteurs  de  points  chauds  ou  de  taches  laser,  etc. 

-  !  «s  sys  ttiiies  de  radiolocal  isation  :  NAVSTAR,  ILS,  MLS...  ou  ionctions  de 
localisation  des  systemes  de  transmission  de  donnees  (JTIOS,  SINTAC)  ;  ils 
n  e  .:  e  s  s  i  ten  t  une  "infrastructure"  oxterne. 

-  L 1  detecteurs  de  menace  fonctionnant  le  plus  sou  vent  dans  les  bandes  radar, 
ii. a  i  s  pouvant  s'etendre  au  domaine  laser.  On  peut  mettre  dans  cette  categoric 
Its  detecteurs  de  missiles.  Ces  dispositifs  sont  in  teg  res  dans  des  ensenbles 
d  '  au  topr  o  tec  t  i  on  (brouillage,  leurragn)  aussi  au  t  01:01 1 1  ses  que  possible. 

-  pnurra  associer  a  ten  senseurs  directs  des  sources  fournissant  des 
donnees  i  nd  i  rectement.  sur  le  inonde  exterieur  :  les  sytenes  de  transmission 
le  di  nndes  qui  deviennent.  mu  1  f  i  1  a  tera  les  ,  resist  wtes  aux  rontre-mesures  et 
discretes  ( J  T  i  D v  ,  SINTAC)  e  t.  qui  ueuvent  avoir  des  film  t  ions  de  radioloca- 
'  i'lt-  ion,  et  les  mrioires  do  masse  qui  peuvent  stnrtu  1  a  bord  des  donnees 
prepaiees  avant  la  mission. 


Les  dispositifs  dc  visualisation  et  de  commande 

-  Les  visualisations  collimatees  tete  haute  voient  leur  champ  s'accroitre 
(optique  hoi og raph  i  que )  .  Elies  sont  maintenant  capables  de  presenter  des 
traces  en  mode  cavalier,  ma  i  s  aussi  des  images  de  type  television,  ut  i  li¬ 
sa  b  1  e  s  de  nuit  (faible  luminosite). 

-  Les  visualisations  cathodiques  de  planche  de  bord,  eventuel 1 ement  collima¬ 
tees  (ce  qui  apporte  une  solution  de  protection  aux  forts  eclairements  du 
soleil  et  evite  1  ' accomoda t i on  lors  de  transitions  tete  haute-tete  basse). 
Ces  visualisations  sont  capables  de  traces  cavaliers  et  de  trames  (type 
television).  Elies  peuvent  utiliser  la  couleur,  dimension  suppl ementai re 
aidant  a  resoudre  les  problemes  de  charge  do  travail.  Elies  peuvent  etre 
completees  et  e ven tue 1 1 emen t  remplacees  par  des  ecrans  plats. 

-  A  ces  visualisations  sont  associees  des  qSnerateurs  d'imaqes  numeriques 
permettar.t  une  grande  variete  de  presentations  et  de  symboles. 

-  Le  multiplexage  des  commandes  se  generalise  et  on  explore  le  parti  a  tirer 
des  commandes  et  syntheses  vocales. 

Les  commandes  de  vol 

Liles  sont  entidrement  electriques  et  utilisent  les  capteurs  et  boucles 
necessaires  pour  assurer  la  trajectoire  demandee  de  la  facon  la  plus  indfepen- 
dante  possible  des  conditions  exterieures.  Elies  assurent  au toma t i quemen t  1 es 
limitations  necessaires  a  1  '  aerodynami que ,  a  la  resistance  structurale,  etc., 
et  ceci  dans  les  differentes  configurations  d'emport  de  charges.  Elies  sont 
sures,  assurant  a  la  fois  une  detection  automatique  des  pannes  et  une  recon¬ 
figuration  automatique  aprds  panne,  avec  une  redondance  elevfee  permettant  de 
rdsister  a  de  nombreuses  pannes,  et  ceci  avec  des  temps  de  reaction  extreme- 
ment  reduits. 

Le  moteur  est  maintenant  considere  comme  une  commande  de  vol  comme  une  autre, 
les  moyens  de  calcul  et  de  liaison 

la  capacite  des  calculateurs  augmente  rapidement.  Les  systemes  actuels  com- 
purtent  deja  plusieurs  calculateurs  dont  les  unites  de  traitement  effectuent 
plus  de  300  Koperations  par  seconde  ;  sont  disponibles  maintenant  des  unites 
de  traitement  de  700  Koperations  par  seconde  et  meme  4.000  K  (VHSIC). 

Les  capacites  meinoire  augmentent  encore  plus  rapidement  et  regu  1  i  Bremen  t .  On 
dispose  de  memoires  de  masse  de  plusieurs  Megabits. 


L  '  u 1 1  1 i s a t i on  des  bus  numeriques  (GINA,  1  553  B)  se  generalise.  Leur  debit  de 
1  Mpit/seconde  aujourd'hui  sera  multiplie  par  10  ou  plus  dans  la  prochaine 
decennie,  rythme  deja  atteint  pour  des  liaisons  specialiseos  point  4  point. 


TACHES  A  LA  CHARGE  DU  PILOTE 


Pour  le  besoin  de  1 'expose,  on  peut  distinguer  les  taches  suivantes  : 

-  e t a b 1 i s s eme n t  de  la  situation, 

-  evaluation  de  la  situation, 

-  prise  de  dec i s i on  , 

-  realisation  de  la  t ra j ec toi re-p i 1 otage  , 

-  mise  en  oeuvre  des  armes  ou  autres  dispositifs  de  mission  (materiels  de 
reconnaissance,  de  brouillage  of fensi f  , .  .  .  )  . 

3.1  -  Etablissement  de  la  situation 

C'est  essentiel  lenient  la  mise  en  oeuvre  des  senseurs  pour  recueillir  les 
informations  necessaires  sur  le  monde  exterieur  :  terrain,  superstructures, 
menaces,  objectifs... 

Beaucoup  de  senseurs  ont  un  f onct i onnemen t  tres  delicat  et  necessitent  une 
intervention  importante  de  1 'equipage.  Par  exemple  pour  les  radars  :  adapta¬ 
tion  permanente  du  mode  d'emission  et  de  traitement,  choix  des  echelles,  des 
balayages  (site,  amplitude,  nombre  de  lignes...),  participation  a  la  detec¬ 
tion-identification  des  cibles,  initialisation  des  poursuites  ou  controle 
d'une  initialisation  automatique.  Surveillance  de  la  poursuite,  etc. 

La  sophistication  des  traitements  devrait  dans  l'avenir  ameliorer  la  situa¬ 
tion,  on  1'espere,  malgre  un  acc roi ssemen t  constant  des  exigences  sur  les 
performances.  Les  possibilites  de  correlation  multisource  devraient  egalement 
apporter  une  amelioration  importante. 

3.2  -  Evaluation  de  la  situation  et  prises  de  decision 

C'est  la  qu'il  est  important  de  conserver  tout  son  role  a  1 'equipage  humain 
qui  doit  rester  dans  la  boucle.  C'est  son  role  noble. 

Kais  il  faut  l'assister  au  maximum  dans  ses  taches,  en  lui  prEsentant  des 
syntheses  claires,  naturelles,  des  aides  a  la  decision. 

Un  type  d'aide  essentiel  consiste  dans  la  prediction  devolution  de  la  situa¬ 
tion  en  fonction  des  actions  envisageables. 

R ealisation  de  la  trajectoire  et  mise  en  oeuvre  des  armes 

les  prises  de  decision  concernent  en  permanence  un  choix  de  trajectoire  et 
pone t ue 1 1 emen t  la  mise  en  oeuvre  des  armes  ou  materiels  autour  desquels  la 
mission  d'attaque  est  articulee,  ou  bien  permettant  1 ' autodefense  ou  l'auto- 
nrotection. 

‘’our  aileger  la  charge  de  travail,  des  automatismes  doivent  assister  1 'Equi¬ 
page  dans  les  taches  non  i  n  te  1  1  i  gen  tes  en  lui  laissant  le  controle  (Evaluation 
de  la  situation).  II  faut  le  decharger  des  problemes  de  securite  chaque  fois 
n  u '  o  n  peut  le  fairc  de  facon  automatique,  d'autant  plus  que  les  reactions 
c  >> respondantes  necessitent  le  plus  souvent  des  temps  de  reponse  trEs  brefs, 
hnrs  des  pn'sibilites  du  pilote  ou  qui  mob i 1 i sera i ent  compl etement  le  pilote 
pour  les  nb t e n l r . 


.  4  -  hunoplace  -  Biplace 

La  question  peut  etre  posee  ftp  savoir  si,  pour  resoudre  les  problenies  aiqus  de 
charge  de  travail  rencontres  dans  un  grand  nombrp  de  missions,  il  ne  taut  pas 
preconiser  1  ‘  u t i 1 i sa t i on  d'un  equipage  double  :  pilote  et  of f icier  sy stone. 

tie  n'est  pas  le  role  de  1‘ingenieur  de  prendre  de  telles  positions.  C'est  par 
con t  re  son  role  de  proposer  aux  utilisateurs  un  maximum  de  solutions  techni¬ 
ques  et  ergonomiques  permettant  de  retarder  le  plus  possible  le  moment  ou  le 
btplace  devient  indispensable.  II  nous  apparait  clairement  en  effet  que  le 
"rout"  humain  correspondent  (formation,  en t ra i nenen t ,  permanence....)  est  tres 
e  1  e  /  e  . 


NT EbkATlON  PES  SVSTEMES 
. 1  -  Etablissement  dp  la  situation 

Nous  pouvons  dtvelopper  un  peu  le  concept  d ‘ u t i 1 i s a t i on  de  fichiers  de  rensei- 
qnemertts  qui  peuvent  etre  emportes  dans  des  memoires  de  masse  et  prepares 
a v a n t  la  mission. 

C  e  s  fichiers  component  : 

-  des  donnees  a  1 t i me t r i que s  et  pi  an imetri ques  sur  le  terrain, 

-  des  rense i gnements  tactiques  divers,  par  exemple  la  localisation  de  menaces 
connuts,  leur  volume  lethal,  position  d'objectifs,  etc. 

la  position  horizontale  de  1 'avion  est  mesuree  c? n  permanence  par  la  centrale  a 
inertie.  Elle  peut  etre  recalfie  ponctue  1  1  emen t  a  1'aide  des  autres  senseurs 
dispunibles.  Par  exemple,  ce  recalage  peut  etre  realise  par  correlation  d'une 
carte  radar  ou  de  la  hauteur  de  la  radiosonde  avec  des  donnees  prbvisionnelles 
slorkees  dans  la  memoire  de  masse. 

La  centrale  ir.ertie’le  mesure  egalement  les  attitudes. 

L'altitude,  tile,  est  entretenue  par  un  couplage  adequat  entre  les  informa¬ 
tions  inertielles  et  a nemoba rome t r i ques  et  peut  etre  pone tue 1 1 emen t  recalee 
(.a''  rapport  au  sol  a  l'aide  du  radar,  de  la  radiosonde  ou  d'un  systeme  de 
radio  local isation. 

Aires  recalage,  le  systeme  propose  done  des  donnees  permanentes,  pour  repre¬ 
sent  a  *  i  on  au  pilote,  du  terrain  en  remp  1  aceinen  t  de  la  vue  directe  et  des 
reuse  i  gnements  tactiques  dont  on  dispose.  Pour  la  r.  ecu  rite  &  tres  basso 
altitude,  cela  n'exclut  probablement  pas  de  disposer  d'un  capteur  externo  de 
s  e  c  u  r  i  t.  <• . 

On  oeut  dresser  or  tableau  des  possibility  d '  u t i 1 i sa t i on  des  differentes 
resources  qui  doi  vent  etre  correltes  er.1  re  el  les  pour  assurer  les  differentes 
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Or,  ne  detaille  pas  ici  les  nombreuses  correlations  en v i s a geab 1 es  dans  les 
differed tes  missions  air-air  ou  air-surface.  On  ne  detaille  pas  non  plus  les 
Jifferentes  fonctions  correspondantes  des  radars  et  des  senseurs  optroniques. 

un  notera  le  role  particulier  joue  par  les  systemes  nouveaux  de  transmission 
de  donniSes  protegees  a  grand  debit  pour  creer  une  cooperation  de  plusieurs 
avions  entre  eux  et  avec  la  surface.  Ces  systemes  apportent  une  dimension 
supplement  a i re  a  la  mise  en  commun  de  plusieurs  ressources  (chaque  avion 
pnjrra  disposer  (les  informations  recueillies  par  les  autres),  et  une  dimension 
supplement*  i  re  duns  la  coordination  des  attaques. 

r e  j _(  n tot  ion  ii e  J  a  situation  -  Aides  a  la  decision 

A.f(  1  r .  donnees  dont  on  dispose  ainsi  en  permanence  ou  par  detection  directe, 
'  prut  presenter  au  pilote  des  syntheses  dans  le  but  : 

-  recpl.i  ■  r  la  vision  exterieure, 

■  l'l’.riihii  cette  vision  par  ad  j  one  t  inn  de  volumes  virtue  Is  cor  res  pendant  a 
‘  r  ■  c.’i-s  darij.-reuses  ,  a  des  volumes  de  manoeuvre,  axes  prof  Aren  t  i  e  1  s 
i  i ;  *  .i  our- ..... 

c  '  !,•!.!•  1  e'he.ut  une  anticipation  en  permettant  au  pilote  de 

'  d "  .  r,.  n  se  1  ur  ei'e"  t  s  en  avarice  de  phase  sur  le  de  roll  1  omen  t  de  la 

■  s  1  i  . 

.  t.  r-,,.  rets.-  lies  syntneS'  s  d.it  pernettre  urn  i  n  t  e  up  re  t  a !  i  on  natumlle, 
1  i.  '  1  i  ‘  a  n  t  la  p  r  i  s  I  da  decision. 


..■us  a. one  deja  di  *.  nee  !  equ  i  perier 1  ?,  de  visualisation  moriernes  permett?  i  ent 
j  n  ?  grande  rii  hos'.i-  d  ‘  i  m  i  g  e  ;  i  e  c  \  e  s  t  tree  u  t  i  1  e  pa-  r  x  o  m  p  1  e  pour  o  b  t.  e  n  i  r  des 
•  pot  e  sen  t  a  t  i  or.  s  tres  fiuur.it  ives  pour  renplaccr  la  vision  exterieure. 


Mais  ce 1  a  ne  doit  pas  nous  conduire  &  des  presentations  complexes  pour  le 
pilote.  On  doit  au  contraire  op§rer  en  permanence  pour  chaque  phase  de  mission 
et  chaque  situation  une  stricte  selection  de  toutes  les  informations  ntces- 
saires  mais  des  seul es  informations  necessaires.  Ainsi,  il  faut  faire  des 
choix  et  des  syntheses. 

Dans  le  processus  de  prise  de  decision,  la  presentation  de  la  situation  doit 
s ' a ccompa gne r  d'aides  3  la  prediction  des  consequences  des  decisions.  Ainsi, 
1  ‘utilisation  du  vecteur  vitesse  pour  ce  qui  concerne  le  pilotage  de  la  tra- 
j ec to i re  est-il  un  moyen  evident  de  montrer  la  trajectoire  future. 

L'etat  de  la  machine  (carburant,  moteur,...)  intervient  dans  l'analyse  de  la 
situation  et  il  est  n4cessaire  de  meler  aux  presentations  les  informations 
correspondantes  se 1 ect i onnees  et  synthetisees  de  facon  convenable. 

Realisation  de  la  trajectoire  et  mise  en  oeuvre  des  armes 

Ces  actions  peuvent  etre  manuelles  ou  automatiques . 

4.3.1  -  Realisationmanuelle 

L'assistance  au  pilote  peut  consister  en  "guidages",  le  terme  devant  etre  pris 
au  sens  large,  couvrant  aussi  bien  la  trajectoire  que  les  actions  de  mise  en 
oeuvre  d'armes  ou  d ' equ i percents  particuliers  a  certaines  missions  (reconnais¬ 
sance,  brouillage  of  fens i f , . . . ) .  Ces  guidages  peuvent  etre  blaborbs  si  l'on 
dispose  de  tactiques  d'action  fixes  ou  reprogrammabl es  avant  la  mission. 

On  peut  utiliser  la  notion  de  "directeur  d'ordre"  qui  dicte  au  pilote  ses 
actions,  mais  il  est  interessant.  de  noter  que  le  pilote  les  exgcutera  d'autant 
mieux  qu'il  gardera  une  perception  ais&e  de  la  situation,  c'est-3-dire  du 
resultat  permanent  de  son  action,  plutot  que  de  suivre  "en  aveugle"  un  direc¬ 
teur  d'ordre. 

On  preferera  done  generalement  la  notion  de  "couloirs  de  guidage"  presentbs  en 
superposition,  dans  le  meme  espace,  que  la  synthese  de  situation.  Et  bien 
souvent  la  synthese  de  situation  pourra  se  suffire  a  elle-meme,  si  elle  est 
bien  c  o  n  c  u  e . 

O’ est  une  facon  de  permettre  au  pilote  de  jouer  tout  son  role  d'adaptation  aux 
c hang en ents  operationnels.  Reflechissons  par  exemple  a  ce  qui  se  passe  dans 
i*‘S  premiers  jours  d'un  conflit  ! 

4.3.2  -  Realisation  automatigue 

(.'jus  avnns  deja  dans  nos  avions  d'armes  des  systemes  qui  realisent  automati- 
■juement  les  sequences  de  tir,  initialises  ou  autorisdes  par  le  pilote.  De 
meme  ,  les  contre-mesures  d  1  au  tnpro  tec  t  i  on  romportent  des  au  toma  t  i  sines  .  Nous 
avcr.s  eqalement  dans  r.os  avions  des  modes  de  pilotage  automatigue  :  tenue  de 
route,  de  pent'*,  de  virage,  d'altitude,  approche  ILS,  etc. 


le  :  o  f,  t  ces  notions  qui  se  generalisent  dans  les  concepts  d  '  i  n  teg  ra  t  i  on 
pil'iiage/conduite  de  tir  (IFf-C). 


Ceci  est  rendu  possible  dans  la  mesure  ou  on  dispose  dans  les  systemes  moder- 
nes  : 

-  de  commandes  de  vol  sures, 

-  des  interfaces  necessaires  avec  le  reste  des  systemes  d'armes. 

Dans  les  phases  de  mission  ou  des  tactiques  peuvent  etre  programmes  a  l'a- 
vance,  il  y  a  interet  a  rempl acer  le  pil  age  manuel  par  un  pilotage  automa- 
tique,  laissant  au  pilote  une  charge  de  surveillance  (incluant  -  malheureuse- 
ment  -  la  surveillance  du  bon  fonct ionnement  des  capteurs)  et  une  charge 
d'innovation  pour  s'adapter  aux  variations  de  1 ’ env i ronnement .  Cela  signifie 
que  le  pilote  peut  modifier  a  volonte  les  consignes  d'entree  des  automati smes . 

Problemes  de  s6curite 

Nous  avons  deja  signale  1 'importance  de  la  securite  des  commandes  de  vol. 
Fvoquons  aussi  celle  des  informations  de  pilotage  dont  dispose  le  pilote. 

Dans  les  systemes  modernes  en  devel oppement ,  une  redundance  d'ordre  deux  (sans 
compter  les  instruments  "get  you  home")  est  respectee  globalement  pour  1 'en¬ 
semble  de  la  chaine  d ‘ e 1 abora t i on  et  de  presentation  des  informations  de 
pilotage  et  de  conduite  machine,  &  savoir  essent i el  1 ement  : 

-  sources  inertielles  et  anemobarometri ques  , 

-  interfaces  avec  les  systemes  avion  (carburant,  moteur,...)  et  avec  les 
commandes  de  vol  , 

-  visualisations. 

L  e  but  est  d  1  ob ten i r  : 

-  une  detection  automatique  des  pannes  de  la  chaine  des  informations  de 
pilotage  et  d'ala rme , 

-  une  reconfiguration  pour  poursuite  apres  panne  -  si  possible  avec  les  memes 
informations  de  pilotage  (vecteur  vitesse  par  exemple). 

Prepa ra t i on/ res t i tu t i on  de  mission 

Nous  avons  presente  des  concepts  d'utilisation  en  vol  de  donnees  de  mission 
emportees  dans  des  memoires  de  masse  : 

-  fichiers  de  terrains, 

-  fichiers  de  rense i gnemen t s  sur  les  menaces  (localisation,  signatures,...), 

-  programmes  d'attaque,  de  brouillage,  d'Gvasives, 

-  etc  . 

Le  role  de  la  restitution  des  missions  est  evident  pour  l'obtention  des 
ren s e i gnement s ,  qui  seront  d'autant  plus  frais  qu'ils  pourront  etre  recueillis 
au  cours  de  toutes  les  missions,  sans  oublier  bien  entendu  les  missions 
s pec i a  1 i s 6es  de  reconnaissance  (y  compris  EL1NT). 

La  preparation  de  mission  recouvre  de  nombreux  aspects,  tels  que  : 


selection  des  donnees  d  emporter  pour  la  mission, 


-  recherche  prealable  de  trajectoires  ou  manoeuvres  optimum  (par  rapport  au 
relief,  aux  menaces,...), 

-  familiarisation,  en t ra i nemen t . 

Une  compa t i b i 1 i te  etroite  entre  les  moyens  de  restitution,  de  preparation  et 
les  systemes  avion  eux-memes  est  indispensable. 

Nous  pouvons  insister  sur  le  fait  que  la  preparation  des  missions  est,  grace  a 
la  richesse  des  moyens  disponibles,  en  particulier  grace  a  la  capacity  sans 
cesse  croissante  des  memoires,  une  voie  efficace  pour  la  diminution  de  la 
charge  de  travail  en  vol  et  1 1 ame 1 i ora t i on  des  performances  opera t i onnel 1 es 
g  1  o  b  a  1  e '  . 

Mais  en  laissant,  la  aussi,  intervenir  les  equipages,  on  leur  permet  leur  role 
d1 adaptation  rapide  aux  conditions  operationnelles. 


ONCl-.’S  IONS 

hi  us  ivens  essaye  de  presenter  un  certain  nombre  de  concepts  pour  illustrer  la 
a..1  les  techniques  disponibles  doivent  permettre  d '  assurer  avec  les  avions 

de-  i.i  ■  ■,  ■  -'it.  de  plus  en  plus  romplexes,  avec  des  performances  croissant.es, 
i  1  g  r  me  ch.iro-  de  travail  eleven  pour  les  equipages. 


V.J-S  Ivor',  cher.-he  a  f  a  i  re  ressortir  quel  equilibro  nous  pensons  devoir 
•el  'ssi  m  t  r  '  '  ,iu  t  ora  t  i  sa  t  i  on  et  le  role  de  l'equipage,  ce  dernier  se  voyant 
esi.iune>!  "■  tint  *  i,  u  dins  la  bnucle  pour  assurer  aux  systemes  le  comportement  le  plus 
d  i  p  *  ■.  *  i  t  e  t  ;  n  t  e  1  1  i  q  e  n  t  possible. 
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SUMMARY 

Current  ground  attack  fighters  have  a  good  day  VFR  capability.  However,  they  are 
generally  ineffective  at  night.  GEC  Avionics  have  developed  a  simple  integrated  night 
vision  system  which  allows  a  pilot  to  operate  effectively  at  high  speed  and  low  level. 

The  system  uses  a  fixed  forward-looking  FLIR  sensor  to  display  imagery  to  the  pilot  on  a 
raster  head-up  display.  This  allows  him  to  terrain-follow  and  acquire  targets.  He  then 
uses  a  touch-sensitive  head  down  display  to  designate  targets  to  his  weapon  system  for 
subsequent  attack.  The  pilot  is  also  equipped  with  night  vision  goggles  to  permit  hard 
'..meo  uvr  ing ,  and  with  a  digital  map  to  enable  him  to  navigate  flexibly.  By  designing  the 
entire  system  as  an  integrated  whole,  cockpit  workload  is  minimised.  A  series  of  flight 
•t  inis  nas  clearly  proved  the  concept.  The  US  Marine  Corps  AV-8B  and  RAF  Harrier  GR5 
will  soor;  be  equipped  with  just  such  a  system. 


1 .  Introduction 

H  r  ;  any  years,  all  ground  attack  and  strike  airplanes  have  had  an  impressive  operational 
■.paoility  by  day  in  favourable  weather  conditions.  This  had  not  however  been  matched  by 
•:.vir  bad  weather  and  night  capabilities,  which  have  until  recently,  been  very  limited. 
Indeed  most  attack  aircraft  have  been  incapable  of  flying  at  low  level,  acquiring  targets 
or  attacking  those  targets  unless  the  pilot  is  able  to  see  a  reasonable  distance  ahead  of 
his  airplane;  this  distance  is  a  function  of  terrain,  airspeed,  weapon,  system  accuracy 
ar.d  pilot  skill.  In  general,  it  can  be  assumed  that  most  attack  airplanes  are  only  fully 
effective  in  day  VFR  conditions.  Figure  1  shows  the  average  conditions  which  are  to  be 
found  in  Central  Europe  in  winter.  If  can  be  seen  that  in  winter  the  attack  airplane  is 

fill,  effective  on  average  for  just  20%  of  the  24  hour  period.  This  is  highly 

iadi'3 1  rable  both  because  of  the  reduction  in  overall  capability  of  the  attack  force,  and 
i «**,;. i use  it  allows  an  enemy  force  to  operate  freely  for  a  large  proportion  of  the  time. 

; t  we  can  give  the  pilot  a  full  night  and  all  weather  attack  capability,  ho  will  be  able 

m  rly  at  low  level  at  all  times.  However,  such  systems  are  expensive  and  he  still  has 

to  be  able  to  acquire,  identify  and  attack  tactical  targets  to  be  fully  effective.  A 
cost-effective  compromise  is  to  provide  the  pilot  with  a  full  night  VFR  low  level 
operational  capability;  this  will  not  on  its  own  permit  all-weather  operations,  but  it 
wi’.  1  expand  the  operational  period  from  20%  to  60%  of  the  24  hours.  GEC  Avionics  has 
neon  instrumental  in  developing  such  a  system,  which  has  been  demonstrated  on  a  Hunter 
aircraft  it  the  Royal  Aircraft  Establishment,  Farnborough,  and  on  a  TA-7C  Corsair 
aircraft  at  the  US  Naval  Weapons  Center,  China  hake.  These  flight  trials  have  clearly 
li'inniis;  r  it",|  that  a  relatively  simple  system  can  allow  a  single  neat  ground  attack  or 
u: rik"  pilot  at  night  in  VFR  conditions  to: 

1 )  Operate  from  a  totally  darkened  airfield. 

2)  lake  off  and  land  from  a  darkened  airfield  without  any  ground-based  visual 
assists  nee . 

i)  Fly  at  high  speed  and  low  level  over  a  wide  variety  of  terrain  without  any 
active  aircraft  emissions. 

4)  Locate  both  static  and  tactically  mobile  targets,  including  tanks,  in  a 
designated  area. 

а)  Attack  those  targets  with  standard  unguided  weapons  using  normal  day  time 
techniques . 

б)  Alternatively,  to  designate  targets  for  attack  by  a  guided  weapons  system, 
while  flying  at  low  level. 

Traditionally,  any  one  of  these  tasks  would  have  been  considered  to  be  a  very  high 
workload  it  low  level  by  night.  We  have  conclusively  demonstrated  that  they  can  all  be 
ichieved  by  relatively  inexperienced  pilots  with  a  comparable  workload  to  normal  daytime 
low  level  operations.  The  key  to  this  achievement  has  been  the  design  ol  a  fully 
;  r.  t  egret -d  system,  designed  to  operate  synerg  ist  ica  1  ly  in  the  fighter  cockpit,  to  minimise 
wirkload.  Currently  GEC  Avionics  can  claim  to  be  the  only  company  in  the  world  with  this 
capability  and  experience. 

2.  The  Operational  Task 

i f.r •■essential  is  the  ability  to  sately  and  consistently  fly  at  low  level  by  nigh!  . 


Nitnout  this  capability,  the  aircraft  will  be  too  vulnerable  to  enemy  defenses  to 
survive.  However,  it  is  of  little  value  on  its  own.  The  pilot  must  also  be  able  to 
r.aviqate,  locate,  identify  and  attack  targets  and,  not  least,  operate  covertly  from  his 
home  base.  We  can  define  the  pilot's  operational  tasks  while  flying  at  high  speed  and 
low  level  as  comprising: 

1)  Terrain  following. 

21  Manoeuvring  the  aircraft  with  large  (85  degrees  plus)  angles  of  bank. 

3 1  Nav igat ion . 

4)  Target  acquisition. 

5)  Target  designation. 

6)  Weapon  aiming. 

Plus  : 

7)  Covert  airfield  operation. 

3.  The  Integrated  System 


The  first  task,  terrain  following,  can  be  achieved  using  an  electro-optical  sensor  with 
its  imagery  overlaid  on  the  real  world  and  scaled  one  to  one.  The  scaling  and 
registration  are  both  necessary  to  maintain  pilot  orientation  and  to  allow  him  to  use  the 
same  low  flying  techniques  by  night  as  he  does  by  day.  The  sensor /d i splay  combination 
can  be  either  a  fixed  forward  looking  FLIR  with  its  imagery  displayed  on  a  raster  HUD,  or 
a  pair  of  night  vision  goggles  (NVGs).  Extensive  flight  trials,  both  in  the  UK  and  the 
USA,  have  conclusively  demonstrated  that  either  system  will  allow  a  pilot  to  fly  a 
straight  course,  following  the  terrain  contours  with  a  low  workload. 

However,  the  pilot  also  needs  to  be  able  to  maneouvre  the  aircraft  at  low  level.  Initial 
trials  using  a  fixed  sensor/HUD  combination  showed  that  hard  maneouvring  was  only 
possible  when  the  HUD  had  a  large  instantaneous  (particularly  vertical)  field  of  view. 

For  example.  Figure  2  shows  the  effect  of  attempting  a  high  rate  turn  with  a  conventional 
HUD  with  a  20°  by  15°  field  of  view.  The  look  angle  into  the  turn  is  not  adequate  to 
clear  the  aircraft's  flight  path,  and  the  orientation  cues  are  limited.  This  factor 
dictated  the  USAF  requirement  for  the  raster  HUD  for  the  LANTIRN  programme,  with  its 
field  of  view  of  30°  by  18°.  As  shown  in  Figure  3,  this  offers  a  greatly  increased 
ability  to  look  into  a  turn,  and  hence  maneouvre  hard  at  low  level.  The  LANTIRN  HUD  uses 
holographic  optical  techniques  to  provide  the  large  instantaneous  field  of  view  while 
remaining  within  the  space  constraints  of  the  F-16  (Figure  4)  and  the  A-10  cockpits.  It 
has  been  sucessfully  and  extensively  tested  in  both  aircraft  and  is  approaching  the 
production  phase.  Indeed  the  F16  LANTIRN  HUD  has  now  flown  over  750  missions  and  the 
contractor  involvement  provided  by  the  combined  test  force  has  proved  to  be  of 
significant  assistance  in  the  achievement  of  the  impress(ve  apability  now  demonstrated 
in  the  LANTIRN  equipped  F16  aircraft. 

The  alternative  system  using  night  vision  goggles  permits  hard  maneouver ing ,  since  the 
pilot  can  look  around  freely  using  the  NVGs  mounted  on  his  helmet.  Conventional  goggles, 
such  as  GEC  Avionics  "Night  Owl"  system  (Figure  5)  provide  electro-optical  imagery 
directly  in  front  of  the  pilot's  eyes;  however,  he  has  to  look  around  them  to  monitor  the 
cockpit  instrumentation. 

NVGs  nave  one  major  disadvantage;  they  cannot  detect  thermally-signif icant  targets, 
unlike  a  FLIR  which  can  acquire  "hot"  military  targets.  Trials  at  RAE  Farnborough  and  US 
NWC  China  Lake  with  GEC  Avionics'  systems  have  shown  that  the  combination  of  FLIR  imagery 
on  a  HUD  with  NVGs  can  be  very  effective.  The  pilot  uses  the  NVGs  to  scan  freely,  and 
the  FLIR  imagery  to  detect  targets.  However,  he  is  then  looking  at  his  FLIR  imagery 
through  the  image  intensifier  tubes  of  the  goggles.  Seeing  an  electro-optical  image  of 
an  electro-optical  image  in  this  way  severely  degrades  the  FLIR  resolution.  In  addition, 
there  is  a  basic  frequency  incompatibility  between  NVGs  and  a  holographic  HUD  (such  as 
eitner  the  F-16  and  A-10  LANTIRN  HUDs  or  a  conventional  HUD  with  a  holographic  combiner). 
GKO  Avionics  therefore  developed  "Cats  Eyes"  NVGs  (Figure  6).  These  have  a  unique 
optical  arrangement.  A  clear  "see-through"  glass  combiner  is  mounted  in  front  of  each 
"V",  with  t  ho  image  intensifier  line  of  sight  1  V4  inches  (3  cms )  above  the  pilot's 
direct  1  in"  of  sight  (Figure  7).  This  allows  the  pilot  to  view  the  electro-optical 
imagery  from  the  image  intensifier  tubes,  as  on  conventional  NVGs.  In  addition,  he 
retains  his  direct  view  of  both  the  cockpit  instrumentation  and  'the  HUD.  This  means  that 
O'  io"S  rot  lose  any  of  the  resolution  of  his  FLIR  image.  Flight  trials  at  both  NWC 
'him  take  and  NATO  Patuxent  River  have  confirmed  the  validity  of  this  technique,  and  the 
Miri:i"  ',>rps  are  buying  a  number  of  sets  to  continue  the  evaluation. 

<•'.<  ••1-1. •n*-  in  the  system  is  the  FLIR.  This  must  be  of  sufficient  performance  to 
!  r>.'i  !•■  '  n-J  ti".-.'ssary  resolution  whilst  also  giving  an  adequate  field  of  view  to  allow 
u  '•’  r  •  - 1  •  i,irr)  out  monoeuvering  and  also  cover  wide  swathes  to  qive  effective  ground 

'  ■'•'•■•  •>■)"  ‘  -*r  *  irget  detection.  There  are  many  complex  and  subtle  trade  offs  in  FLIR/HUD 

is  of  v  I  ■  •  w  *•>  achieve  optimum  performance.  In  addition,  the  FLIR  benefits  from  a 
•'  i  ih  !••  »'••••  •'  iitomation  o'  ga  in/cont  r.isl  control  to  minimise  pilot  work  load  in  the 
■  ••Tat.  i  i  r  i  t  iv  1 1  *  if  ido  environment.  The  very  high  resolution  UK  Common  module  TICM  FLIR, 
1"  i-v op'-d  i.t  airhir-v*  applications  by  GEC  Avionics,  provides  the  performance  to  meet 


Kxc-  l  lent  >1  it  i  on  on  the  FLIR  is  a  prerequisite  for  target  acquisition  and  the  NWC 

trials  demonstrated  that  the  necessary  FLIR  performance  levels  were  achieved.  Target 
acquisition  can  be  further  enhanced  by  automated  processing  technology  of  the  IR  detected 
emissions  to  cue  the  pilot  onto  probable  targets.  This  capability  is  being  further 
developed  and  demonstrated  in  continuing  flight  trials  at  RAE  Farnborough. 

Next,  the  pilot  has  to  be  able  to  deliver  his  weapons  onto  the  target.  There  are  two 
distinct  problems,  one  for  conventional  unguided  weapons,  the  other  for  guided  munitions. 
The  simplest  solution  is  to  directly  aim  an  unguided  weapon  at  the  target.  The  pilot 
achieves  this  by  first  acquiring  the  target  on  the  FLIR  image  displayed  on  his  HUD,  and 
then  aiming  using  the  normal  HUD  weapon  aiming  symbols.  This  gives  comparable  accuracies 
to  those  achieved  using  the  same  display  by  day. 

More  complex  delivery  techniques  such  as  CCKP  (Continuously  Computed  Release  Point)  or 
guided  weapon  attacks  require  the  target  to  be  designated.  For  this  purpose,  GEC 
Avionics  have  developed  the  "Tactile"  touch-sensitive  head  down  display.  This  uses  an 
infra-red  beam  system  on  a  conventional  CRT  display  to  allow  the  pilot  to  designate  a 
point  on  the  CRT  by  touching  it  with  his  finger  (Figure  8).  If  the  FLIR  imagery  is 
displayed  on  the  head  down  display,  as  well  as  on  the  HUD,  the  pilot  will  be  able  to 
icqu i re  his  target  and  then  designate  it  to  his  weapon  system  by  touch.  He  can  then 
either  complete  a  CCRP  attack  or  release  a  guided  munition.  This  technique  does, 

However,  require  the  head-down  display  to  be  positioned  on  the  centre  or  left  of  the 
instrument  panel,  for  obvious  reasons. 

This  stiii  leaves  the  task  of  navigation.  It  is  clearly  not  practical  to  constantly 
refer  to  a  paper  mao  in  a  darkened  cockpit.  Navigation  at  night  therefore  involves  a 
■  om.'wnat  modified  technique.  The  simplest  system  uses  an  inertial  navigation  system  to 
.■ -tv'r  the  pi  lot  to  a  waypoint  where  he  updates  the  system.  However,  the  combination  of 
IN  drift,  rate  and  limited  HUD  azimuth  field  of  view  means  that  the  system  must  be  updated 
every  few  minutes,  or  the  pilot  may  miss  a  waypoint  because  it  has  drifted  ouside  his 
li’-ld  of  view  before  acquisition  range.  Once  he  misses  a  waypoint,  it  becomes  very 
difficult  for  the  pilot  to  recover  the  situation.  In  addition,  this  technique  is 
lolativeiy  ii.rlexible.it  does  not  allow  for  major  track  deviations  because  of  weather  or 
hiisr  i!--  lotion.  For  this  reason,  a  cockpit  map  display  becomes  highly  desirable.  It 
show  not  only  the  aircraft's  present  position  but  also  his  desired  flight  path 
across  the  ground,  to  offer  flexibility  and  independence  from  hand-held  maps.  In  the 
pist  this  has  only  been  possible  with  complex  projected  map  displays  or  remote  map 
leaders.  However,  their  very  complexity  increases  cost  and  greatly  reduces  reliability. 
Moreover,  the  fixed  colour  palette  can  cause  problems  of  frequency  incompatibility  with 
■ .  i  tv  vision  goggles.  GEC  Avionics  has  recently  developed  a  novel  digital  map  system. 
I'm.;  is  a  sol  iil-.state  system  which  produces  a  fully  digitised  image  of  a  standard  paper 
map;  this  digitisation  is  done  at  a  base  ground  station,  once  for  each  map  to  provide 
overall  map  coverage.  The  resulting  image  quality  is  remarkable.  The  pilot  can  use  a 
local  planning  station  to  overlay  track  and  other  mission  planning  data  immediately 
before  eacli  flight.  In  flight,  the  digital  map  can  offer  a  variety  of  facilities, 
including  north  or  track-oriented  displays,  zoom,  look-ahead  and  different  map  scales, 
ft  can  also  change  the  colour  palette  at  night  to  make  it  compatible  with  night  vision 
guggles.  If  a  DMA  data  base  is  available,  it  can  use  this  as  an  alternative  to  the  paper 
map  a  ig  i  t isat ion .  The  system  also  offers  outstanding  flexibility  and  reliability 
•  because  it  is  solid-state);  the  prototype  (Figure  9)  is  flying  very  successfully  on  a 
.vvaox  helicopter  at  RAE  Bedford  and  this  approach  is  further  discussed  in  paper  36 
t  vo r row . 

4  .  System  Applications 

equipments  and  techniques  described  have  been  evolved  over  a  number  of  years.  The 
'  i  r  st.  significant  application  was  the  two  seat  experimental  Hunter  at  RAE  Farnborough. 
In.-  first  investigated  low  level  techniques  using  a  fixed  low  light  television  sensor 
r, minted  in  the  nose,  displaying  its  imagery  on  a  head  down  display.  Further  developments 
included  the  use  of  a  raster  HUD,  the  replacement  of  the  low  light  television  with  a  UK 
•airman  module  FLIR,  and  the  use  of  NVGs. 

'O'  exceptional  results  from  this  relatively  simple  system  generated  considerable 
ini'  re  in  the  United  States.  GEC  Avionics  therefore  proposed  to  install  a  similar 

•■m  i n  i  demonstrator  aircraft  for  the  US  Marine  Corps.  The  proposal  was  accepted  in 
ic-mcr  l  '•  8  3 ;  i'li<-  system  flew  successfully  in  a  TA-7C  at  China  Lake  in  April  1984  ,  as 
:t  .  vet  "Cheap  Night".  It  consisted  of: 

A  UK  loir.Tvin  module  FLIR  in  a  pod. 

An  A-7  raster  HUD,  modified  to  UK  line  standard. 

A  h-'id  down  display  in  the  front  cockpit. 

A  r.'t'.l'-  touch  sensitive  display  in  the  rear  cockpit. 

fats  fly  .  night  vision  goggles. 

■j  Modified  cockpit  lighting. 

fh’  :  "sales  were  so  encouraging  that  the  trial  was  extended  from  its  planned  two  months 
:  r.  :•  i  .<  :mn  Is,  -overing  some  80  flights.  It  was  demonstrated  to  a  wide  variety  of 


■V-cV 
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Service  and  Government  personnel,  including  the  Secretary  of  the  Navy.  As  a  direct 
result  of  the  trial,  the  US  Marine  Corps  decided  to  procure  such  a  night  vision  system 
for  the  AV-8B.  The  same  system  will  be  installed  in  the  RAF  Harrier  GR5  in  co-operation 
with  the  US  Marine  Corps. 

A  further  similar  flight  trial  is  planned  for  an  F-16  aircraft  operated  by  General 
Dynamics  at  Fort  Worth.  The  first  flight  is  planned  for  next  month.  A  similar  system 
will  then  be  flown  in  the  Netherlands  on  an  F-16  of  the  RNLAF.  These  systems  will 
incorporate  a  number  of  refinements,  including  the  use  of  a  wider  angle  HUD,  a  new  low 
drag  10  inch  diameter  pod  and  a  revised  Mk  3  version  of  Cats  Eyes. 

The  overall  synergism  of  these  various  system  elements  is  of  vital  importance  to  achieve 
effective  operational  capability.  The  HUD/FLIR  fields  of  view  (and  any  optical 
corrections)  need  to  be  most  carefully  matched,  the  overall  colour  palette  used  in  the 
cockpit  and  the  operating  light  wavelengths  of  all  displays  and  sensors  need  also  to  be 
subject  of  the  most  careful  control.  In  addition  various  peripheral  equipments  such  as 
the  FLtR/Cockpit  TV/Video  recording  system  also  need  detailed  interpretation  in  order  to 
achieve  a  usable  operation  overall  weapon  system. 


Future  Systems 


GEC  Avionics  has  now  developed  the  integrated  night  vision  system  described  here  to  full 
production  status.  We  have  proved  that  this  system  can  be  safely  and  consistently 
operated  as  an  effective  weapon  system  by  the  average  squadron  ground  attack  pilot.  It 
is  neither  fully  automated  nor  all-weather.  However,  it  is  relatively  low  cost  and  is 
totally  passive.  The  consequences  of  installing  such  a  capability  will  be  very 
significant.  It  means  that  Warsaw  Pact  ground  forces  will  no  longer  be  able  to  use  cover 
of  darkness  to  regroup,  mobilise  and  gain  the  element  of  surprise. 


We  are  now  studying  improvements  in  this  concept .  These  include  the  development  of 
similar  systems  for  attack  helicopters,  the  use  of  helmet  mounted  displays  with  a 
gimballed  FLIR  to  provide  biocular  imagery,  and  the  development  of  more  advanced  FUR 
systems.  There  is  no  doubt  that  the  introduction  of  these  cost-ef f ective  night  vision 
systems  is  going  to  be  one  of  the  most  significant  improvements  in  the  ground  attack 
pilot's  capability  in  the  future. 
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1.  Description  of  the  problem 

It  is  known  that  today  the  human  operator  forms  the  bottleneck  for  the  operational 
itilisation  of  manned  weapon  system  capabilities. 

The  reason  is  the  immense  increase  in  performance  based  on  a  great  extension  of  the  tech¬ 
nological  limits  of  the  system  /I/. 

Tn i s  is  achieved  by  automating  more  and  more  functions  of  the  aircraft's  systems. 

This  development  has  brought  about  a  gap  in  the  engineering  concept  of  the  man- 
machine  interface.  There  is  a  discrepancy  between  the  real  functional  interface  and  our 
conceptual  thinking  or  our  mental  picture  of  this  interface,  Hudson  and  Young  said  /2/: 
"The  nan-machine  interface  is  commonly  thought  of  as  the  controls  and  displays  in  the 
cockpit  or  crew  stations  of  an  aircraft. 

These  cent  Is  and  displays  are,  in  fact,  only  the  tip  of  an  iceberg;  the  real  man- 
machine  interface  will  be  deep  in  the  computer  systems  of  the  next  generation  of  air¬ 
craft." 

Consequent  ly,  we  have  to  develop  a  system  engineering  concept  for  the  design  of  the  man- 
rr.achir.e  interface,  which  accounts  for  this  fact.  Our  problem  is:  we  know  that  we  have  to 
automate  a  greater  number  of  man-machine  interface  functions;  however  we  do  not  know 
which  functions,  by  how  much,  how  and  why  to  automate. 

We  lack  a  method  of  defining  the  concept  for  automation  at  the  man-machine  interface. 
Brocker  3'  has  suggested  a  set  of  guidelines  and  criteria  for  the  functional  integration 
of  man  into  avionic  systems  with  high  complexity  and  degree  of  automation. 

In  the  study  "Automation  in  Combat  Aircraft”  /4/,  Summer  1981,  sponsored  by  US  Na¬ 
tional  Research  Council,  it  was  revealed  that  there  is  a  knowledge  gap  concerning  the 
system  engineering  methodology  of  the  functional  integration  of  man  into  advanced  combat 
aircraft. 

In  1983  the  Guidance  and  Control  Panel  of  AGARD  established  an  international  Work¬ 
ing  Group,  tasked: 

o  to  look  into  the  availability  of  knowledge  in  the  participating  countries 

o  to  derive  guidance  information  for  this  functional  integration  of  man  from  expert 

knowledge 

o  to  recommend  R  &  D  activities  to  fill  the  revealed  knowledge  gaps. 

In  1984  the  "Cockpit  Automation  Technology"  programme  (CAT)  was  launched  by  the 
h  S  A  F  to  develop  the  tools  for  automation  engineering  at  the  man-machine  interface. 

We  in  Germany  also  started  a  research  programme  in  1984.  The  funding  of  this  pro¬ 
gramme  is  negligible  compared  with  that  of  CAT.  However,  it  does  represent  a  first  step 
in  the  total  task  of  man-machine  interface  system  engineering. 

The  first  phase  included  the  development  of: 

o  A  mission  task  list  for  selected  mission  and  weapon  systems. 

o  A  metho'1  for  rating  the  relative  importance  of  each  of  the  tasks  related  (a)  to  the 

frequency  of  occurrence  (in  the  respective  mission  phase),  (b)  to  mission  effecti¬ 
veness  and  (c)  to  flight  safety. 

o  Criteria  and  or  catonories  for  automation  at  the  man-machine  interface,  against 

whioh  the  individual  mission  tasks  could  be  rated. 

i  A  "lot-hod  c  ?r  rating  the  mission  tasks  in  relation  to  the  automation  categories 

i  i  v • *  1 . 

This  programme  is  a  trial  meant  to  approach  man-machine  interface  engineering  from 
the  operational  and  the  human  task  aspect.  Only  if  wo  know  the  set  o 1  tasks  man  has  to 
f  ilfil  with  his  system  during  the  course  of  a  mission  and  mission  phase,  can  we  engineer 
the  technical  system  functions  appropriately  to  meet  the  needs  and  not  to  exceed  the 
) : r i " s  nf  ran  and  his  capabilities. 


2. 


Concept  for  automation  at  the  man-machine  interface 

The  concept  for  engineering  the  automation  at  the  man-machine  interface  is  to  ap¬ 
proach  the  selection  of  functions  for  automation,  and  to  determine  the  why  and  how  of 
r.h-i:  automation  from  both  sides,  operational  and  technical. 

The  genera  1  concept  of  man-machine  interface  automation  engineering  is  shown  in  fig.  '. 

Based  on  a  mission  analysis,  basic  data  for  the  automation  requirements  at  the  man- 
nachine  interface  are  collected  in  a  first  step,  using  a  special  interview  method.  This 
is  detuled  in  fig.  2. 

3.  The  method 

The  method  comprises: 
o  a  mission  task  list 

o  a  catalogue  of  defined  automation  categories 

o  an  interview  format  with  instructional  guidelines 


3.1  Mission  task  list 

A  mission  analysis  is  performed  based  on  the  tactical  requirements  for  the  weapon 
system,  in  question,  and  based  on  expert  knowledge  concerning  procedures,  regulations  and 
technological  system  options  applicable  to  the  design  driving  mission. 

The  resulting  mission  function  list  will  contain  a  great  number  of  function  or  task 
items,  dependent  on  the  level  of  detail  applied  in  the  analysis.  This  is  in  turn  a  func¬ 
tion  of  the  knowledge  of  the  expert  performing  the  analysis. 

In  an  air-to-air  mission  analysis  we  arrived  at  more  than  400  mission  functions.  A 
good  mission  analysis  should  contain  no  fewer  items  if  operational  and  technical  func- 
t  ions  are  taken  into  account. 

This  very  detailed  mission  functions  list  is  then  reduced  to  a  list  containing  not 
more  than  about  110  to  130  mission  tasks.  This  level  of  detail  is  required  for  the  in- 
t er v iows . 

Too  great  a  level  of  detail  would  result  in  an  unacceptable  interview  duration.  An 
interview  should  not  last  longer  than  about  6  hours.  An  inadequate  level  of  detail  would 
render  results  which  might  give  insufficient  information  for  determining  the  automation 
r-'qu  i  rements . 

An  example  of  a  mission  phase  task  list  together  with  typical  scenario  is  presented 
in  Hi"  appendix. 


3.2  Automation  categories 

The  determination  and  definition  of  distinct  automation  categories  is  required  for 
two  reasons: 

i 1 )  A  standardized  interview  technique,  as  is  presented  here,  requires  defined  terms  of 
reference  for  the  operators  and  experts  involved  in  the  interview. 

They  should  thereby  be  enabled  to  make  their  choice  and  decision  concerning  the 
suggested  level  of  automation,  based  on  a  set  of  comparable  cues. 

z/  The  automation  categories  allow  the  design  engineer  to  decide  upon  the  level  of 
automation  applicable  to  certain  candidate  functions. 

The  Air  Force  Study  "Automation  in  Combat  Aircraft”  /4/  contains  guidelines  for 
automation,  indicating  when  and  how  to  automate. 

However,  the  design  engineer  does  not  want  to  know  the  workload  and  human  capabili¬ 
ty  conditions  which  indicate  automation.  He  wants  to  know  for  which  system  func¬ 
tions  he  should  provide  which  form  of  automation  and  what  degree  of  operator  in¬ 
volvement  concerning  control,  selection  and  display  of  information  of  that  function 
i s  roqu i red . 


3.2.1  Automation  categories  for  the  control  of  functions 

Thrts*1  categories  are: 

o  manual 

c  manual  augmented 

o  manual  augmented  with  limit-monitoring 

o  cooperative  manual  and  automatic 

o  automatic  with  variable  settings  or  control  laws 

c  automatic  with  given  control  conditions 

o  autonomous  automatic. 

Flight  control  functions  in  modern  aircraft  cover  the  range: 

o  manual  augmented,  based  on  augmentation  by  the  CSAS  (control  stability  augmentation 

system) 

o  limit-monitoring,  as  e.g.  manual  augmented  control  with  «£-  or  g-limiting 

o  cooperative,  e.g.  overriding  the  autopilot  "height  hold"  function  by  manually 

applied  force  control 

o  automatic,  autopilot  function  with  variable  settings. 

In  the  area  of  utility  systems  control  most  functions  are: 

o  automatic  functions,  as  e.g.  landing  gear  retraction 

o  autonomous  automatic  functions,  i.e.  hydraulic  and  electric. 

Autonomous  functions  do  not  allow  manual  interference  -  provided  the  power  is  on 
and  the  APU  or  engines  are  running  -  the  automatic  functions,  as  gear  or  flaps  handling, 
require  manual  selection. 


3.2.2  Automation  categories  for  the  selection  of  functions 

These  categories  are: 

o  manual 

o  accept/ re ject 

automat ic 

Manual  means:  switch,  set,  select,  enable  following  pilot  decision. 

Accent  reject  means:  the  function  could  be  triggered  automatically,  however  it  re- 
|uir<*s  the  provision  for  the  pilot  to  decide  upon  accepting  or  rejecting  the  activation 
of  »•  he  function. 

Automatic  means:  an  automatically  controlled  function  is  activated  automatically  if 
* relevant  conditions  for  its  activation  exist  or  develop.  No  pilot  action  required. 

3.2.3  Automation  categories  for  the  display  of  information  of  functions 

These  categories  are: 

•>  continuously  displayed 

•>  displayed  only  if  a  selection  is  made  of: 

mission  or  flight  phase 
main  mode 

system  mode  or  function 

o  displayed  owing  to  conditions: 

fliuht.  condition  (e.g.  obstacle  warning) 
mis?;  ion  con  lit  ion  (C-,  threat  etc.) 

"'he  interview  format  allows  for  the  additional  denotation  of  displaying  the  infor- 
T.at:  head  up,  head  down  or  on  helmet-mounted  sight/display.  This  addition  is  important, 

r<-*  .\i  use  an  extremely  critical  challenge  for  the  interface  engineering  is  to  predetermine 
*  h-  -■pc  r  it  i  ona  1  “asks  and  mission  elements,  which  should  be  flown  head-up  and/or  head- 
dt.wn  respectively. 
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3.3  The  interview  technique 

Fig.  3  shows  the  layout  of  the  interview  format.  The  interview  technique  allows 
assessment  of  each  mission  task  according  to: 

o  the  frequency  of  its  use  on  occurrence  within  the  mission  phase  or  within  a  duty 

cycle,  e.g.  attack 

o  its  relative  weighting  in  terms  of  mission  effectiveness  within  the  total  mission 

o  its  relative  weighting  in  terms  of  flight  safety  within  the  total  mission 

o  the  automation  categories  recommended  for  control,  selection,  and  display  of  the 

functions  and  functional  conditions  possible,  related  to  the  task 

o  the  responsibility  assignment  for  the  task  in  a  more  than  one  man  crew. 

The  number  of  decisions  and  statements  required  during  the  course  of  the  interview 
show  that  there  are  limitations  regarding  the  number  of  mission  tasks  to  be  included  in 
the  interview. 

1 f  we  accept  an  interview  to  have  a  maximum  duration  of  about  6  hours,  we  can  only 
allow  the  inclusion  of  the  number  of  mission  tasks  that  can  be  assessed  within  this  time 
The  mean  time  per  assessment  decision  is  about  30  s.  The  interview  requires  7  assessment 
decisions  per  task.  Consequently  6  hours  allow  for  720  decisions,  or  a  little  more  than 
100  mission  tasks,  to  be  included  in  the  interview. 

The  mission  task  lists  show  that  there  is  a  great  amount  of  redundancy  in 
individual  tasks  within  the  mission. 

The  number  of  tasks  can  therefore  be  reduced  by  including  only  one  of  corresponding 
tasks. 

Kach  assessment  made  is  denoted  by  a  number.  This  allows  easy  adaption  to  computerised 
evaluation  cf  the  results. 


3.4  Evaluation  of  results 

Evaluation  is  made  concerning: 
o  importance  rating 

o  recommendations  for  automation 

o  denotation  of  task  responsibility 

The  mission  tasks  listed  are  grouped  in  different  ways  to  allow  the  analysis  of  the 
results  to  differentiate  between  mission  phases,  task  function  groups,  and  task  types.  In 
other  words:  the  analysis  of  the  interviews  should  render  results  covering: 

o  mission, 

o  systems,  and 

o  human  tasks 

(1)  The  mission  phases  and  tasks  therein  are  predetermined  by  the  mission  analysis. 

12)  The  task  function  groups  reflect  the  systems  related  to  the  task.  The  function 

groups  are: 

Flight  Control 
Navigation 

Weapon/Combat  Management 
Threat  Management 

-  C3 

-  Management  of  Aircraft  Systems 

(3)  The  task  types  reflect  the  nature  of  human  acitivities  related  to  the  tasks.  The 
task  types  used  are: 

Observation 

observe,  monitor,  scan,  look-out,  listen 
Sensu-motor  precision 

detect,  acquire,  track  (manual),  lock-on,  guide 
Communication 

communicate,  report,  alert 


Memory  linked  functions 

check,  follow  procedure,  inspect,  review 
Decision  linked  functions 

decide,  evaluate,  assess,  update,  navigate 

Discrete  manual  activities 
switch,  set,  select,  engage 

Flight  Control  activities 
manoeuv  re 

A  further  analysis  is  then  made  with  the  aim  of  determining  the  systems,  and  the 
functional  loops  and  interactions  related  to  each  of  the  operational  tasks  in  a  given 
mission  phase. 

4.  Further  activities 

The  detailed  description  of  results  achieved  so  far  lies  beyond  the  scope  of  this 
paper.  Besides  that,  we  could  at  this  time  only  present  preliminary  results. 

During  the  first  phase  of  our  activities  in  Germany,  two  missions  were  analysed  and 
transformed  into  the  interview  format.  One  is  an  anti-tank  helicopter  mission,  the  other 
an  air-to-air  mission.  The  method  was  then  tested  for  applicability  using  helicopter  and 
fighter  pilots.  Some  improvements  had  to  be  made  concerning  the  automation  categories  and 
the  mission  task  redundancy  applied. 

In  1985  we  are  contracted  to  perform  and  evaluate  30  anti-tank  mission  and  15  air- 
to-air  mission  interviews. 

We  expect  thereby  to  obtain  a  data  base,  which  will  help  us  in  better  defining  the  air¬ 
crew-helicopter  and  pilot-aircraft  interface  requirements  for  our  future  weapon  systems. 

The  rationale  is  that  we  use  the  mission  task  requirements  in  combination  with  the 
a i rcrew' s/pi  lot ' s  operational  activity  or  performance  requirements  to  derive  the  concept 
for  automation  and  functional  integration  at  the  man-machine  interface. 

As  far  as  feasible  and  possible,  the  results  of  our  study  will  be  included  in  the 
report  of  the  GCP  WG  of  "Guidance  and  Control  Automation"  at  the  Man-Machine  Interface, 
which  is  due  for  publication  early  next  year. 
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Fig.  1  Concept  of  human  operator  and  man-machine  interface  Fig.  2  Task  oriented  deriva- 

functions  engineering  tion  of  man-machine 
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Fig.  3  Sample  of  Interview  Format 


Append i x 

Mission  task  list  for  combat  helicopter 
Example  of  two  mission  phases 

F  APPROACH  TO  INGRESS  POINT  (BATTLE  ZONE) 

1 .  Proceed  Low  Level  Under  Cover 
(Terrain  Following  Flight) 

2.  Monitor  Radios 

3.  Maintain  Visual/Sensor  Look-Out  Procedures 

4.  Update  Navigation  Data 

5.  Receive  and  Evaluate  Situation  Data 

6.  Communicate  with  Ground  Forces 

7.  Recheck  Flight  Data 

8.  Monitor  Subsystems 

S .  Observe  Obstacle  Clearance  (V isual/Sensor) 

10.  Perform  Combat  Systems  Check 

11.  Conduct  Pilot/Copilot-Gunner  (P/CPG)  Intercom. 

3  INGRESS  -  APPROACH  FIRING  POSITION 

1.  Proceed  NOE  to  Firing  Position 
(Flight  Control  +  Navigation) 

2.  Conduct  P/CPG  Intercom. 

3.  Maintain  Visual/Sensor  Look-Out  Procedures 
(Navigation  Combat,  Threat) 

4.  Alert  Other  Crews  if  Enemy  Attack  Encountered 
(Threat,  Communication) 

5.  Provide  Self-Defence  Security 

6.  Observe  Obstacle  Clearance  (Visual/Sensor) 

7.  Select  Firing  Position 

8.  Receive  and  Review  Attack  Data 

i .  Conduct  P/CPG  Intercom. 

10.  I-erlorm  Final  Weapon  Systems  Check 

11.  Approach  Firing  Position 

12.  Establish  Suitability  of  Firing  Position 

!  '  3 .  Manoeuvre  to  new  Firing  Position) 

14.  Report  Readiness  for  Attack 
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:  tier  •■xamines  some  of  the  areas  in  which  automation  could  be  used  to  reduce 
’  w  r'K.  -ri  when  operating  at  night  or  in  low  visibility.  It  is  shown  that  in 
-.*!  r.  the  pilot's  *  ask  extends  from  the  planning  stage  before  take  off  to  the 
■  »t  which  tactical  decisions  are  taken  in  the  air.  The  role  of  the  Mission 

Cysto-i  a;,d  the  features  of  a  system  developed  for  this  purpose  are  covered. 
.  .  ks  at  the  nature  of  'lie  man-machine  interface  Including  Its  required 
.:■■■■■  .si  ru, -gists  tiie  impact,  of  the  latter  on  the  core  avionic  system  including, 
'  n  and  *  he  KM  I  . 


: a.  all-weather  operations,  particularly  in  single-seat  aircraft,  will 

;  ■’  five  ,  snost  at.t !  a  1  escalation  of  the  pilot's  task.  Although  much  is  now 
kn  .wn  the  feasibility  of  operating  at  night  with  the  assistance  of  electro¬ 
s’-  '  a  .  sensors  '.lie  workload  will  still  become  extremely  high  when  the  task." 
a.  I  ,:  ed  with  navigation,  weapon  delivery,  survivability  etc  are  aggregated 

■■  fluctuating  operational  situation.  It  is  particularly  Important  for  any 
system  to  -op*-  with  the  peaks  in  such  operations.  The  purpose  of  this  paper  is 
’•  examine  some  of  the  more  demanding  aspects  of  the  pilot's  task  and  suggest  how 
'hey  .ctri  lie  mlt  [gated  by  attention  to  system  design  and  by  the  use  of  the 
techno  ingles  which  are  now  becoming  available.  In  particular  the  paper  consider-:; 
'  a ''leal  routing  and  workload  Imposed  by  navigation  together  with  the  associated 
Homs  of  information  display  and  the  man-machine  interface.  In  system  terms 
there  are  references  to  the  development  of  a  system  core  structure  concerned  with 
tactical  control,  navigation  and  the  man-machine  interface. 

The  Pilot’s  Task 


l  S5'!  v 


•ir' 


"he*  pilot's  task  can  only  be  defined  and  optimised  as  part  of  a  total  system 
design  responding  to  an  operational  requirement.  Subjective  conclusions  based 
,  r.  pilot  handling  and  workload  in  earlier  systems  may  be  Invalid  if  the 
■  re  rat  It  rial  conceit  has  moved  into  unknown  territory.  The  first  stage  in 
■[••fining  the  man-machine  interface  must  inevitably  be  to  consider  a  complete 
architecture  in  which  functions  are  partitioned  between  pilot  and  machine. 

Ini*,  la  L  ly  It  is  also  helpful  to  consider  the  pilot's  task  as  cocuring  at  a 
'•umber  of  possible  levels  in  which  the  man-machine  relationship  will  have 
•  i  ..rit  characteristics.  Working  bottom-up  these  levels  Include  (see  Figure  1): 

House  keeping:  the  control  and  monitoring  of  basic  aircraft 

s.'-rv !  res  capable  of  being  handled  by  relatively  simple 


■-'■•ntrol  tasks  concerned  with  power  plant  or  flight  control 
an  i  capable  of  being  realised  automatically  or  pilot 
i:.-*.  no-  loop . 

H  re  Sophia* 1  rated  ‘asks  Involving  decisions  about  or  control 
.:  re  :.r  srs  ,  weapons  etc. 

••’■"  u  ‘  i  ilsi*:  ,r.  of  information  about  the  external  tactical 
•'■•’:■  ■•■■■r  i*.  '  hr  •  ugh  sensors,  communications,  pll-t's  eye  etc . 


■  a i  dec  ir  [oris  Involving  judgment  and  the  control  of  the 


'  •[■"■  1  s !  u:.;  at  all  th'-se  Levels  may  have  varying  degrees-  of  pr]  rity  in 
■  :  ■  •  '  irur  •  r*  fallui-o;.  The  pilot  must  of  course-  operate  a*  a 

1  ■  *  ve  1 simultaneously  depending  on  th"  p  i  1  ••! /aut  -■  ::vt '  1  c  r.  split, 
i  t  s"1 '  1  un  is  injst  difficult  It.  considering  ’  In*  high-  r  levels  a* 

I  ’  :  I  : .  t  k  [  n  g  is,  i  rivtilV"  1 . 


K  rk  imposed  on  the  pilot  depends  .*n  ;i  number  of  farters.  When  tasks 

:r,  a  number  of  areas  coincide  they  can  produce  peak;-,  as  can  any  Individual  degree 
11  If!  *aify.  w'h> ■  n  delivering  weapons  at  high  speed;:  and  low  altitudes  a 
i-r.M— aslon  of  actions  with  time  can  arise.  Other  papers  have  suggested  cases 
which  a  serl“S  of  actions  and  decisions  required  In  a  weapon  aiming  sequence 
j.av  ‘  he  compressed  Into  times  of  the  order  of  15  seconds.  When  accompanied 
Vi  •  no  need  « o  control  the  flight  profile  close  to  the  terrain,  at  night,  this 
r  i  re.c  rits  a  formidable  task.  Similarly,  In  navigation,  tactical  decisions 
a;.  ;a-  route  changes  under  pressure  must  Involve  Judgment  which  can  be 
•  1  at ed  into  action  with  as  little  manipulation  of  the  system  controls  as 

A  .  r. at  1  and  the  MM  I 


there  is  only  one  pilot  his  function  in  the  system  Is  inevitably 
••  n*  rul  is-d  a  1  *  hough  the  system  Itself  may  be  distributed.  The  Interface  between 
-.a:,  md  machine  Is  governed  by  this  fact  and  the  resulting  architecture  before 

•  h-  detailed  Interfaces  through  controls  and  displays  can  be  cons,idered. 

w.y  this  Interaction  has  been  developed  with  increasing  system  Integration 

■  i  .  visualised  historically. 

; a  systems  which  were  not  substantially  Integrated  separate  aircraft 
I 1  a  1 1  a  1 1  ns  concerned  with  navigation,  communications,  flight  control,  weapon 
etc  were  controlled  through  dedicated  controllers  giving  complete 
.  ■  ■  x  1  h  1  11  ty  I  n  terns  of  the  modes  of  operation  of  the  different  sub-systems  at 
ary  r  I  rtf.  The  pilot  carried  a  mental  model  of  the  operation  and  what  he  wished 

•  a  .a'.eve,  set  ting  the  sub-systems  up  manually  to  achieve  the  desired  response, 
fhe  two  methods  available  to  reduce  such  workload  are  Integration  and  automation. 

;■  w  aid  be  possible  to  automate  the  different  sensors  and  sub-systems  for  at 
.••a.r  two  reasons:  to  permit  them  to  do  their  own  house  keeping,  being  thus 
easier  to  handle,  or  to  allow  them  some  further  autonomy  In  determining  their 
node  of  operation.  The  second  Is  likely  to  prove  an  unpromising  approach 
because  the  pilot  must  retain  an  accurate  mental  model  of  system  behaviour  and 
what  h"  has.  to  do  to  change  it. 

Tie •  arrival  of  the  digital  databus  and  the  presence  of  computing  within 
sub-systems  both  Imply  additional  design  flexibility.  The  crucial  man-machine 
relationship  becomes  that  between  pilot  and  whatever  controls  the  configuration 
and  behaviour  of  the  system. 

In  essence  the  pilot  must  have  a  higher  order  dialogue  with  the  total  system 
which  the  avionics  translate  into  total  system  behaviour.  One  possible 
translation  Is  from  the  man-machine  relationship  to  a  chosen  mode  cf  flight 
which  implies  an  unambiguous  definition  of  the  modes  of  operation  of  all  the 
c  r.st.  Ituent  parts  of  the  system.  Each  sub-system  Is  given  a  blue  print  for  its 
st  ate  of  behaviour:  e.g.  a  radar  is  told  whether  to  switch  on  or  off,  how  to 
in  and  how  to  choose  between  any  other  options  as  to  its  method  of  radiation. 
Any  sun-system  may  have  its  own  means  of  controlling  its  internal  behaviour 
pro v id  d  that  It  responds  with  whatever  parameters  are  part  of  the  prevailing 

•  t a  1  system  mode. 

Ir.-  MM:  design  task  now  becomes  one  of  devising  an  effective  and  comprehensive 

:•••  •  rfa  ■  between  pilot  and  system  with  the  behaviour  of  the  latter  being 

hi-  to  the  former  whatever  happens.  This  credibility  has  to  be  reflected 
’ r  I  inputs.  In  the  system  response  to  them  and  tn  the  supporting 

1 1  •>>•!  ng  Informal  Ion  supplied  to  the  pilot.  Such  a  system  can  operate  up  to 

•  !•  at  wh!  -h  Intangible  decisions  have  to  be  taken,  based  on  information 

r.  1  cat  I  ;.ns  ,  sensors  or  pile!  ' s  eye. 

;  '  '  ■■  level  It  seems  more  Important  that  the  system  should  operate  reliably 

and  'it.amb  I  guously  than  that  it  should  have  any  ability  to  take  machine 
l"l-i  no  Involving  anything  like  artificial  Intelligence.  It  would  seem  easy  to 

■  no" rue*  systems  driven  by  simple  rules  which  would  not  be  ;  irtlcularly 

•  ran.  ;.  ir  to  the  pilot,  so  that  the  emphasis  should  be  to  make  them  so. 


■  :r  !  •.  r.avlga*  Ion  requirement  Is  to  guide  the  aircraft  along  a  pre-planned 
;  ■  -  rm  i  1 1  1  n,‘  delation  from  It,  with  an  accuracy  such  that  Its  chances 
will  greatest,  and  the  probability  of  acquiring  the  target 
.  :i  -wevt-r  an  •■tr.phasls  on  operations  at  night  or  In  low  visibility.  In 
:--i*  tie— fl"ld  conditions,  may  change  the  emphasis  of  these  requirements. 


-  advent  of  automatic  navigation  systems  nav  1  gn  t 1.  n  nvc  :•  r.li-  .rt  :'.orU'-s 
:  I.illv  pilot':;  eye,  using  experience  and  a  t .  .pi  gr  aph  1  ca  I  map.  The 
digital  ay  atoms  based  on  Inertial  Mavlgn  t  1  on  made  It.  possible  to  l'ly  a 
ji.:  l:;t  Ing  of  a  number  ol'  way-point,::  with  an  accuracy  which,  although 
was  generally  dependable.  Monitoring  the  progress  of  the  flight  relative 
era  in  was  still  highly  desirable,  a  fact  which  has  made  moving  map 
popular.  However  at  night,  possibly  using  sensors,  the  area  of  terrain 
for  cross-checking  may  he  greatly  reduced.  There  Is  therefore  a  need 
■■  accurate  navigation  system. 

•-.nsequence  of  night  operations  In  the  years  ahead  is  likely  to  be  a 
tie  Increase  In  pilot  workload,  so  that  the  workload  due  to  navigation 
Inlmlsed.  To  some  extent  tills,  should  be  possible  given  greater 
•and  a  measure  of  integrity  but  there  will  still  be  a  considerable 
particularly  If  it  Is  necessary  to  change  a  mission  plan  in  flight 
ii  eventualities  such  as  a  return  to  a  different  base.  It  Is  then 
e  to  look  at  the  man-machine  relationship  concerned  with  navigation  as 
uo  process  from  the  flight  planning  stage  to  the  arrival  of  particular 
In  flight.  It  is  for  this  reason  that  Ferranti  have  beer,  working  for 
on  Mission  Planning  Systems  as  well  as  on  Navigation  fly  stems  and 
;  is;  lays.  A  planning  system  ran  enable  a  much  higher  degree  i  f  planning 
ipation  without  significant  additional  workload  before  take-off.  The 
hue-  created  can  help  to  reduce  workload  In  the  air,  particularly  when 
flight  plan  on  the  basis  of  stored  information  as  wet!  as  Information 
t hrough  communications. 

i  a; .  nj  i  as 


.  d  pilots  have  always  set  great  store  oti  adequate  mission  planning  as  a 
reducing  workload.  Planning  a  mission  on  the  ground  reir.ctes  some  of 
nail  from  the  cockpit  in  both  space  and  time.  The  act  of  planning 
relative  to  time,  fuel,  the  terrain,  possible  threats  etc  can 
a  mission  as  being  possible  as  well  as  revealing  alternative  options', 
slics  are  likely  to  tak<-  place  In  a  given  area  a  second  removal  t.e 
! nr  Is  possible  In  which  alternative  missions  are  planned  In  very  great 
!'.  re  b>‘tng  recorded  ready  for  use  when  required. 

particularly  where  aircraft  have  to  respond  at  short  notice,  the  planning 
Itself  generates  a  workload  on  the  ground.  The  Information  which  can  be 
t'.  the  aircraft  and  then  consulted  in  flight  is  limited  if  It  is 
to  paper,  topographic  maps  etc.  Therefore,  with  the  advent  of  digital 
y,  it  is  natural  to  conceive  a  system  solution  using  digital  techniques 
s,  Store  and  transfer  the  information.  Some  years  ago  Ferranti 
research  programme  in  this  area  which  has  since  led  to  several 
ns  of  production  system:;. 

system,  Autopian,  consisted  of  a  small  computer  linked  to  a  map  board 
g  any  flight  profile  to  be  digitised  direct  from  the  map.  A  keyboard 
s'-  r  were  also  included.  An  important  function  was  the  ability  to  load 
e  lata  otore  'which  could  then  be  plugged  into  the  aircraft  avionics 
.  'he  .mission  computer  with  a  canned  flight  plan. 


s  lb  .. 


is  such  as  the  Total  Avionic  Briefing  .By  stem  (TABS)  have 
1  a  more  comprehensive  database  which  can  include  both 
; o n c e  Information.  The  POPS  technique  Is  still  used  to 


t  hr 
i  r  k  L' 


:n  although 
advanced  c.t 

''■suits  of 
id  in  tic- 
ired  In  th 
f  i  i  gh*  . 


learl.v  later  developments  in  datallnk::  will 
can  also  record  information  in  flight. 

the  briefing  into  the  aircraft  automatically 
nckpli  pr — flight  and  sets  no  limit  on  the 
■  Navlgati.m  .System  except  that  It  must  bo 


d'-pend  i  i . 
Figures 


r.  the  application  a  typical 
oid  1  j  : 


system  consist: 


1  • 


iudi  • 


prog: 
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,\  I'li.-hl  plan  .-an  be  assembled  from  way-point  coordinates  entered  1  ri  several 
Wv;s.  Keyboard  entry  or  entry  through  the  map  table  and  Its  cursor 
....  .  A  it  errant  1  vo  ly  pre-planned  way  points  can  be  held  In  the  system  so 

•  r .  i '  s’ naans  1  canned  flight  plans  can  be  used. 

; :...  i  ■  u  ->ful  f  >r  prompting  the  operator  through  the  different  stages  of 

■  .  r.g,  f  :•  rompl  1  Ing  and  editing  mission  data,  for  displaying  error  messages 

...  •  ...a  ;  1  v  *  •>  Increase  the  Integrity  of  the  man-machine  Interface  of  the 

j  ,  :,g  em  Itself.  fills  Is  particularly  Important  as  It  may  be  used  under 

■  ■  J  I  ‘  1  .r._  if  pressure  . 

fn-  f r-sence  of  a  processor  also  means  that  the  characteristics  of  different 

•  s  •graphical  maps,  e.g.  the  grid  system  used,  can  be  accommodated  automatically. 
Xa;  s  V-ro  Juce-i  t-  a  range  of  scales  and  projections  can  be  used  In  any  area  of 
the  world.  Different  coordinate  systems  such  as  latitude/longitude,  grid  or 
tearing  and  distance  can  be  accommodated. 

It,.,  i.j  -  rational  scope  of  such  a  system  depends  on  several  factors.  The  data 
.assent  l.-d  In  *.  h-  Portable  •>  ■•an  b-  transferred  direct  to  the  aircraft, 

;• s  scope  depends  in  *  urn  on  the  provisions  Included  In  the  airborne  mission 

and  cockpit  displays.  Apart  from  the  flight  plan  In  terms  of  way  points, 

■ ;  ;:,•■!,■••  In  format  In  or  information  related  to  the  weapon  system  as  a  whole  can 
:  n  Jed .  There  is  also  growth  potential  to  Interface  a  Mission  Planning 

.  vs'-:-,  with  any  suitable-  ground-based  communication  system:  l.e.  integration 

A  ■  r:e  nr d-  of  operation  is  possible  in  which  in-flight  information 
.  .  j».  1  In’  >  n..  !  .r’  ublo  Data  store  for  recovery  after  the  mission. 

:•  ■  I  w  Du!!’  several  generations  of  these  systems.  It  has  been  shown 

•  •  :•  ,  f  :•  ,.u  •  ,  severe  i  different  requirements  must  be  observed: 

..v  .aircraft  system,  including  the  organisation  of  its  computer, 

’he  way  the  displays  are  used  and  the  pilots  controls  must  all 
t. ••  ■  nf1  -ured  to  make  use  of  stored  Information. 

Ml.;  si  .ri  i  .anting  .System  must,  be  specified  for  use  with  the 
a  1  :-..-r  ift  and  the  capacity  of  the  Portable  Data  Store  must  be 
st.-’fl  ri’-nl  as  a  result  of  examining  the  total  system. 

I  h-  mu. -much  I:,.-  interface  of  the  Mission  Planning  System  itself 
must  be  designed  to  suit.  Its.  operator's  task,  his  experience 
an:  h! t.-tal  workload  in  Mission  Planning. 

dives  these  requirements.  It  Is  possible  to  enhance  the  capability  of  existing  or 
new  -I'-lonic  systems  provided  that  they  can  accept  an  additional  data  store. 

Pilot  Ka ct^rs.  In  The  Design  Of  Future  Systems 

This  paper  has  referred  to  a  number  of  areas  in  which  the  pilot's  task  is  made 
mu.--'  difficult  when  flying  at  night,  or  in  low  visibility,  close  to  the  ground, 
'-’igui-'  1  shows  a  Hierarchy  of  Pilot  Tasks  which,  although  highly  simplified, 
can  es.uui"  a  more  detailed  consideration  of  the  problem. 

7t.”  ♦  ok.  hav..  beet;  placed  In  order  .if  the  extent  to  which  they  require  the  pilot. 

■  ■  is-  his,  highest  faculties.  Thus  house  keeping,  or  monitoring  basic 

>  I  :•  -i-ift  s.ys'  .-m.; ,  is.  basically  a  routine  task  while  controlling  the  aircraft  is, 

!  out  :.  t  complex  in  mental  terms. 

-  rul  ’  asks,  controlling  sensors  and  acquiring  or  assessing  Information 

f :  ♦  l..-x,  occupy  an  area  in  which  the  workload  can  be  expected  to  expand  when 

at  night .  Information  on  threats:  or  hazards  can  only  come  from  sensors. 

:  ■  'il  i'-c  i  s  ions  and  controlling  the  total  avionic  system  are  the  essential 

;  ;  "  -  rd  s.  liir.g  the  mission  and  the  essential  reason  for  the  pilot's 


i  l<  sing  whether  ,,r  how  to  apply  automation  several  questions  must  be  asked: 

I  weal  xt-T.t  is,  nut. smut  ion  possible  In  a  particular  area? 

'  e.  '  ask  I's  rit  •  inn' ed  s  ■  as  in  off-load  the  pilot 

■■  ••  '. .  it, 'erven*  '  st  i  :  1  required? 

■  re  CU-  :  e  l'  ion  possible  at  all? 


rcT 

i’.V 


-atle  f Light  o  o  tit  ft  •  1  rati  remove  the  iillot  from  the  loop  provided  that 
i •  i  •■ » .  t  integrity.  The  problem  lb  more  to  define  the  desired  flight 
a  n:ip'  complex  problem  than  merely  following  a  defined  two- 
!  ;•  n'K  or  radio  farillty.  Since  navigation  he  longs  in  tills  area  prop' 
rung  can  improve  this  situation  but  a  viable  system  of  terrain 
necessary.  Many  of  these  problems  have  also  been  dealt  with  In 
at  out  the  Integration  of  Fire  and  Flight  Control. 

le  that,  given  a  high  Integrity  system,  pilots  will  hand  over  to 
at  rel  heraur.e  tit'  mental  model  required  to  monitor  a  flight  control 
latlvely  simple.  Much  less  Is  known  about  the  mental  model  employed 
on  operating  through  sensors  and  acquiring  or  assessing  informal  it n. 
o.-umab i.v  have  a  picture  of  each  sensor  In  terms  of  its  mode  of 
hi  1 Ity  to  detect  particular  features,  ability  to  produce  misleading 
under  certain  conditions.  Thus  the  degree  of  sensor  processing  and 
••quired  to  produce  a  proper  combination  of  pilot  and  system  must  be 
use’.  Them  will  also  be  trade-off:;  between  the  e  >st.  of 

s  dig  l,  us.  md  the  extent  t  ■  which  they  can  redu  t  lie  pilot's. 


•  1  wi*  hi::  a  sysr.-m  -  >:.e->rnoa  with  tactic' ai  decisions,  and  th<*  way  a 
‘••grit'  i  ■  rake  it  easy  t  •  eontri  both  determine  the  possibility 
t  !!.  high’Sd  rd-r  functions.  However  ih"  m.st  premising 
.  :  ■  '  go  fr  m  '  I."  h'tun  upwards,  re- asses. :1  ng  pilot 

is  by  ant  a'iV  i  f  l>  wer  order  I'unt:'  I 

.  :  '  s  ■  ■  v .  - ; •  - 1  wars  f  red  t  M  ng  j  1  1  >'  w  "k  .  a  1 : 

logo.,  y  a:  '  h"  '  eehi.i  I  •.  g. y 

:  :  •  a'  '  •  ..nips  h-  •  w  ni  1 


t  !,,■  infs  rnta*  Ion  f 


g"i'y  unless  It  is 
s  do?  <  a  fault .  With 
'  sc  ■  is  i  rig  iy  di  fficult 


l  :  i :  .  w  v i c 1 h 1 1 ! ty  pilot  and 

i.  >ris  f  rp-'rat  !ng  near  the  ground 
Tic  rr  Idem  cm  b<  considered 
'  h"  f  :  :  ght  path  fr- -rn  the  slightly 
■  sc  p  •  i  h"  rest  i  ra.Iec t  ory . 


i  1  lag  hi",  t  .  si.i'i.v  I  he  aircraft 
■-  ••  t  ly  t  h  navigation  system 

:  g. .  i"  .  . .  receive::  baste  flight 
•  ,  s;-  .  He  car:  change  his.  flight 

'  ,  '  .'hang":'  result  log  It.  a  flight  profile 

ig  w  Is.  i...  r<  :  a  t  i’ll  t  ,  various  hazards 


s-  ••  vis  .al  'ite  s,  fr  u.  the  t  er-ait.  .  s.d  also  inf -mat '  on  about 
I'  '.hr  ugh  .tv  which  car  either  give  him  an  enhanced 

'■  1  -  .  Id":.  "  f  g'.y  res-,- ...:  f  roxlmity  to  the  terrain. 

eg.  a.;---  be  use:  in  '  .n  j  ane  t  lot:  with  stored  data  to  prompt 
rn*  .!’"  f  the  •‘erraln  ahead  or  any  features  which  he  should 


The  basic  display  of  attitude  Information  must  have  a  higher 
level  of  integrity  because  of  increased  dependence  on  the 
displays  at  night  when  there  may  be  no  visual  horizon. 


If  the  sensors  are  to  be  used  to  pick  up  anticipated  features 
or  turning  points  the  navigation  accuracy  must  be  such  as  to 
ensure  that  they  appear  within  the  sensor  field  of  view. 

It  is  not  possible  to  use  a  combination  of  navigation  and 
stored  data  about  the  terrain  as  a  means  of  hazard  avoidance 
unless  position  and  velocity  are  known  with  sufficient 
accuracy  and  integrity. 

As  the  diagram  shows  the  pilot  will  ultimately  want  to  combine  visual  clues  with 
information  from  sensors  and  stored  data.  This  combination  must  deea  1  with  any 
errors  In  the  different  systems. 

Figure  cj  Illustrates  some  longer  term  tactical  considerations. 

.'he  pre-planned  strategy  In  terms  of  a  flight  profile  exists  as  the  flight  plan 
and  supporting  information  received  from  the  Mission  Planning  System  before 
take-off.  Without  tactical  Intervention  the  pilot  will  fly  this  plan  through 
• h-  Navigation  System  and  the  information  acquired  at  the  planning  stage  is  also 

•  •ssent  ill  when  considering  any  tactical  departure  from  the  plan. 

.'.use  ir.f  mutton  about  threats,  hazards  or  possible  changer,  of  plan  will  reach 

•  pilot  visually  but  most  will  come  through  his  communications  or  sensors. 

A/  n ay  also  have  to  take  account  of  the  status  of  the  aircraft  arid  its  systems. 
A.,  ,-f  this  information  must  be  handled  and  displayed  in  some  way  if  he  is  to  be 

uni-  to  take  tactical  decisions.  The  task  of  flying  low  at  night  compel Is  the 
j  '.  .t  •  ; "rate  head-up  as  much  as  possible  so  that  the  Information  will  have 

•  ■  t  .»  processed  and  displayed  in  the  simplest  possible  form  so  t  hat  he  "an 

tjsiml  lute  It  rapidly  and  determine  action.  He  must  then  be  .able  to  control  the 
i vi  v,  in  such  a  way  as  to  change  the  demanded  flight  profl  i»  and  then  see 

;  m::i"  i  I  a*  ly  the  implications  of  any  change. 

■  i'  ,  a*  'he  tactical  level,  the  main  Impact  on  the  avionics  concerns  this 

"U  •  t-rlng  lnf<  rm.ution  together  .1  rid  display  it.  In  a  way  in  which  it  is  readily 
;  i  :■■■’.*  t  the  pilot  and  can  facilitate  his  decisions.  One  possibility  is  that 

•  s'  red  flight  plan  may  include  some  optional  alternate  routings  which  can  be 
:!.u  .  <V".j  l  get  her  with  the  most,  critical  items  of  information  needed  to  assess 

•  ra- •  .  :  le-c.e  will  Include  the  latest  information  or.  any  threats  or  hazards  on 

o-  of  re. at"  route  as  well  as  the  ability  of  the  aircraft  and  its  systems  to 

•  irr;  1  s'.  '  h“  change  in  terms  of  fuel,  recovery  to  base  etc. 

I*  ha:-  river,  shown  above  that  In  the  short  term  and  In  taking  tactical  decisions 

the  pi!  will  depend  on  the  core  avionics  to  varying  degrees.  It  is  important 

•  hut  in  should  know  whether  any  equipment  or  system  failures  have  taken  place 
w.ui  'h  ■»  aid  change  that  dependence.  This  could  be  done  by  making  failure 

w  :  r:.i  r.g-  relate  as  much  as  possible  to  degradations  in  system  capability  as  well 
>.  *  'he  less  of  particular  functions  or  sensors. 

1  .  nave  all  related  to  an  operation  In  which  the  pilot  is  lrt  the  short 

'•  •  rit  r  :  I  loop  .as  well  as  taking  longer  term  tactical  decisions  and  being 

:  '  . . .  changed  intentions  Into  it.  Various  degrees  of  system  automation 

.  1  !  'hur.gv  this  picture.  Automation  of  flight  path  control  near  the  ground 
;  .  i  i-er.ond  a  failure  survival  system.  The  combination  of  visual  clues  and 
f  flight  information  or  information  from  sensors  would  then  provide 
'  r  f  tic  automatics.  But  the  monitoring,  system  would  have  to  have  an 
1.  '  •  i  out  as  great  as  that  of  the  aut  omatics  If  failures  in  monitoring 

if;  .  -.vs  w-.  r.ot  ft  run  tiie  risk  or  the  automatics  lining  disconnected 

«r!  iy .  This  balance  may  not  be  easy  to  achieve  because  the  techniques 
f  :•  a  th"  integrity  of  a  fully  automatic  system  and  a  pilot  partially 

■  ■:■■■.  i  eg  e.  II  splays  are  different. 

I  Iff-  rriblvc-.  arises  when  considering  a  degree  of  automation  of  the  merging 

e.  ;  !!.;>.  iy  f  !  :i  f  .  r::.  1 1  i  .n  from  sens  ,rs  and  from  the  navigation  system,  either 
T  v  1  ■  yn'h"'  I  ■  ;  ici'nre  of  what  11".-  ahead  or  for  fault  detection  purposes. 

•  •.  e't.iy  '  :i"  a  :•••  i  !.;■■  e  levels  .  f  a  it.  ..mat  i  on  likely  to  change  the  pilot's  r.d": 

A  g  :•  i '  :  c  flight  "  egr  '1  opplled  to  the  planned  trajectory 
T  ■  .leu'  a v  I  iar.ee  tig-  terrain. 

A.'  e.a’  '  ■  mixing  -if  .o-nsor  '  r ■  [  u '  .  an  1  si  Ti-i  dal. a  t  o  provide 

.  re  I  d  ■ :.  i  ay  of  wi.a '  i  ! •  ■  .ah". ad  . 


i pi*t *sr  *r d  .1 1  Lon  of  't  ! 
r . r .* •* i  .  •  :■  1 1.  •  y.v  u:;i  :p'  s 

>'■  ho r.i'* * mad*-. 


te-r  native  departure;  1  iv-m  the 
1  Ini’  u*  mat  i<>n,  ■  tiff  jitsiL  \  -M 
ted  }il  intentions  !i  'ill'*, 


dealt  with  some  aspect:  :*  th**  :w~  •  I  -■!’  : 1.>  \  I  .  *  ' tcr.K  v.h* 

t  or  In  low  visibility,  with  part  1  ?u  1  as*  ••mpha/ls  v.  i.v/ I^.v  I  ■  r 

are  the  more  ininortant  conclusions. 

that  automation  will  be  applied  r  :resr  !  v»-  ,  y  ,  '»  r*  I  ap  w  1  *  h 

control  tasks  which  are  relatively  *•  :sy  '  =■  i**  ♦*  1  r  •» .  h’.pher  <  r  h-r 
taetl^'il  decisions  will  la-  nr  re  d  L  fP  1  lit. 

task  starts  at  the  rlaanlrnt  stiu“e,  t  tike-sf:'.  T.vp'-it  y 

workload  is  likely  to  involve  t  th  tasks  ar.d  the  paper  has 
r’oai  Mission  Plannlr.r;  Mysteni. 

“  1  created  by  a  pilot  when  control  tasks,  such  as  I'iipaot  path 
tomated  is  relatively  simple.  Th-*  mod*'- 1  t: a  hV.l.lv  autt  mated 
ire;  sensor*  data  r  I  r* It -rmat.  Ion  Piiil*  h:!*.*  s.oiuv"::  and 


i  i  •  ‘  ■  '‘.r.  i  ...  i  •.  i;i  u.  iv:i  i  x  v.  ill  i  .u  L  ■  i  ^ 

■  an  i  farm  suitable  fur  tactical  d  ■■  ■ !  b !  ■:i,o  could  t--  n.uch  mrc 

crv  nils*.  he  >.  mat  oh  between  the  model:;  uued  by  ;  t  and  ayatem. 


ny.'ton  inti  i.dei  f  •  •  :•  continuous  flight  at  flight.  a;i  1  at  it  w  alt  i* 
'.r-ta-nt.;  cl i  Ivon  by  certain  features  of  t-hlr  tuck.  ban!  ••  flight, 
ii  haw  t  ••  h.*  :>f  hii;i  Inv  crlty  arid  the  uoci.r.ae?  .>f  the  navigation 
*  ;  ■  i  l  ■  ’  !  nta.-fv-rit  ion  wl  !  i  haw  t-.  ericur--  that  h~  pi t  ■■an  readily 

■  :•  r  V  t  ;•.(;■  1 1  .in*,  i  w!'li  da- a  ir.-hocati- 1  wUhin  Ur-  i !  r  ■  ra  ft. . 

’  at.’  :,">!|iU,"ir:i'  w I  .  1  bring  ihl'eri’.a'.  a,  1  .and  display 

'•'h  cun  I'.ai’ !  ;  ! '  a*  ••  pi  In'.  <b  'Is  Ions  and  |.ara!t  ■  !  re.1.  t  r’.  ween 

leal  apl.ii  ii.;  without  undue  workload. 

i*.rut«^iJ  *  ’  iita  fail'  a  rue.*  ' n  Kerrant l  P*- fence  Systems  Malted  for 
the  preparation  «>t'  *  r ,  1  :■  paper  and  '.■■■  the  Company  fur  permitting 


TACTICAL  DECISIONS  AND 
CONTROL  OF  TOTAL  SYSTEM 


ACQUISITION/ASSESSMENT 
OF  INFORMATION 

CONTROL  OF  SENSORS 

PILOT  IN  LOOP  CONTROL  OF 
AIRCRAFT 

HOUSEKEEPING 


HEIRARCHY  OF  PILOTS  TASKS 


FIGURE  2 


PILOTS  RELATIONSHIP  TO 
MISSION  PLANNING 


SnML  nl'AK  r  I  TAT  I  VI-1  MKTiluliOI  (ii'-V  ]u|:  ini  •  i  !T  IH-SliL'. 

(lha  v  l  as  ha  L  as  ,  .It  . 

.liid 

hat  is  M.  Vikmanis 
Human  Engineering  Division 
Air  Force  Aerospace  Medical  Research  Laboratory 
Wr  ight -Patterson  Air  Force  Base,  Ohio  4Vi'S  ( 


'the  r a (  id  1  v  developing  technology  in  sensor  systems,  microprocessors,  artificial 
.  t  ,  I  igcis.  e  and  communication  systems  has  blurred  the  traditional  lines  between  avionics 
.bivstems  and  oilers  new  design  options  lor  integrating  the  aircrew  into  the  weapon 
,  L  i  ■::: .  n»ese  developments,  together  with  the  stressful  flight  regimes  imposed  by 
: v a : . ■  e a  tiireat  systems  and  the  night-  in-weather  environment  required  for  survival  in 
i  r  -  >  o -ground  at  tack/ interdict  ion.  require  new  approaches  to  crew  station  design.  These 
■  iesi n  opportunities  are  limited  only  by  the  design  tools  and  data  bases  available 
r  i he  i  :  execution. 

A  s  u.ij.l  i  l  ied  cockpit  design  process  can  be  summarized  as  conceptual  design,  detailed 
.sign,  .aid  design  verification.  With  the  many  tools  needed  to  pursue  this  process  the 
.1.0.. a  i  nvo  1  v  i  ng  man/mach  i  ne  interface  must  provide  a  decision  track  quantifying  and 

the  imp.'icL  of  design  decisions  on  crew  performance.  To  meet  the  objective  of 
-,e  lull  at  il  iz.it  ion  of  I  be  weapon  system  crew,  each  technology  option  under  consider- 
:  i,,::  i,,-  i  i ,  ,o  r  por  a  t  i  on  in  the  cockpit  must  he  judged  with  consideration  of  both  mission 
,d  am  ,ii  j  IT  l  ormance .  The  cockpit  design  process  must  be  embedded  in  an  adequate  human 
■r  i  i.  in:,,  iticc  data  base  tailored  tor  use  by  design  personnel  and  must  take  full  advantage 
:  i, a -rational  experience.  'the  development  of  a  family  of  cockpit  design  tools,  together 
it-  t  he  require'!  data  bases,  has  been  one  of  the  objectives  of  the  Air  Force  Aerospace 
•  ii.ai  research  Laboratory  research  program  for  the  last  five  years.  From  this  program 
select  sit  of  methods  will  be  described  and  examples  provided. 


■he  i.  tckpil  by  necessity  has  traditionally  been  the  integrating  locus  ui  the  a  i  t - 
raft.  !ri  l  lie  early  days  of  aviation,  it  generally  contained  a  single  information  poll 

•  >  ui  sys  t  eus  and  vehicle  status  and  depended  upon  the  pilot  crew  member  to  peilorni  l  he 
c.  t  v,  -  it  ins-  tunc  lion.  Indeed,  in  many  instances  the  human  sensory  systems  wore  t  he 
irect  sensor  system  as  in  Lhe  case  of  the  Wright  BroLhers  when  negative  "0"  was  I irst 
xper  ienced  in  the  cockpit  without  a  restraint  system.  This  paradigm  of  a  separate 
□formation  port  for  each  aircraft  subsystem  has  persevered  to  this  day  albeit  with 
ncreising  sophistication  in  displays  and  their  information  content;  a  very  satisfactory 
o  hit  ion  in  many  instances  when  appropriately  human  engineered.  The  early  work  of  Kitts 
rci  Simon  (ref.  1)  resulting  in  better  alignment  and  altimeter  design  are  excellent 
sample.'  of  parsimonious  quantitative  solutions  to  enhance  crew  member  assimilation  of 
urge  amounts  of  individually  displayed  data.  Figure  1  is  an  example  of  this  traditional 

•  proicfi  to  cockpit  design  and  layout  in  a  modern  aircraft. 

Two  major  developments  are  clearly  demonstrating  the  deficiencies  ot  this  approach 
u  cockpit  design.  We  are  forcing  our  aircraft  into  more  hostile  environments  and  flight 
egi.'es.  e .  g .  nip, hi  and  in  weather  attack,  and  the  tremendous  strides  in  electronic 
evhi.ology  present  exciting  new  design  options  from  the  standpoint  of  information/display 
.iruu-'ieni  and  synthesis.  Marly  applications  of  cockpit  automat  inn  technology  in  the 

■  ■i.,:i  (  aircraft  to  operate  in  severe  environments  have  resulted  in  reported  workload 

!'■  '  1  >-■  apparently  broughL  about  by  the  subtle  integration  of  information  quantity, 

by  si  io.’.i'.ai  stress  and  display  media.  In  addition,  piecemeal  additions  of  avionics  and 
i ■  <1  system  capability  have  frequent  Iv  been  added  to  rather  than  integrated  into  the 
:  '  it  _  c  r  ew  s  tali  on  . 

■  '.arly.  technology  and  weapon  system  requirements  are  forcing,  a  whole  new  look  at 
ckpil  design  process.  The  emphasis  must  be  on  quantitative  methods,  structured 
la'ei'i  |  j  i  v  of  design  decisions  and  clear  cost /per  formance  trade-offs.  It  is  the  intent 
;  'tii  ■  eager  to  present  examples  of  (he  current  technology  of  such  methods,  those  lhat 
ii.  I  i.iibible  in  t  he  near  future,  together  with  out  year  objectives.  The  night  in 
1  liter  -  i.i  io’i  is  ,'or.cr.'  I  ly  accepted  as  one  of  the  most  difficult  and  is  t  he  framework 
•  :  -  '.'I  L  i  is  ■  el  ho'iti  bgy  discussed  lias  heeii  developed. 

■  '>!L'1  i'Li'f'l:'!'  i'I’Ai.  !  M'i  i|t  MAT  I  ON  i- 1  ‘K  iil-iS  i  LLLI'.S  (HMD) 

■  ■-;■:  -ent  ol  data  bases  has  tradit  ionaily  not  been  a  popular  research  and 

,  (..•’.  ■  r.de  ivur .  It  is  generally  accepted  in  the  scientific  community  that  an 
si  ’•  •-  >•.'•.  il  le  data  base  is  necessary  for  meaningful  research  and  that  such  a 

"•-o'  the  toundation  for  the  engineering  development  of  complex  systems.  Allen, 
h  i  ■■  -e.ient  iso'iK  on  program  management  (.ref.  2),  demonstrated  from  his  review  of  a 
■'  ■  r  ;  rcvwr.-h  and  development  projects  that  engineers  view  and  utilize  data  bases 
:  i.  <■■;•'  i  1 1  l  "t'-nt  ly  i  rom  t  tie  scient  if  ic  community;  a  perfect  ly  understandable  result 
'  '  :  i't’  r  we  I  i  defined  eng,  inner  i  nr  d  i  sc  i  n  I  i  ne  .  However,  the  I  iv  Id  of  human 


Figure  t.'-A  s  <;»  >f'  k  |  *  i  f 

i  in,-  leal  with  fundament  a  1  data  and  design  principles  from  experimental 

>.■,>.  n-dustri.j]  engineering,  physiology  and  aerospace  medicine  and,  unfortunately, 
t  i/i)  multidisciplinary  data  base  exists.  Some  excellent  attempts  have  been  made 
ide  human  engineering  data  for  designers,  most  notably.  Tufts  (1952  ref.  3),  Heapy 
vav  f.lV/1  ref.  '♦ )  and  Shurtleff  (1980  ref.  3).  Examination  of  the  cockpit  design 
it;  the  Air  Force  has  revealed  that  most  of  these  efforts  have  had  little  direct 
a  n;i  -iKkpit  design.  The  most  probable  reason  lor  this  fact  i  s  the  degree  ol 
ration  given  the  human  engineering  ol  these  data  har.es  with  respect  to  the  needs 
i :  ,  t  en  h.  d  user. 

order  Lo  provide  a  practical  hum. in  engineering  data  base  for  use  in  conceptual 
til'-l  crew  station  design,  the  Air  Force  Aerospace  Medical  Research  Laboratory 
’  <  ■  i  the  li’Il)  project  in  19/9  (ret.  A).  The  objectives  of  this  program  were  lo 
■".pile  the  appropriate  human  performance  data  germane  to  crow  station  anti  simulate 
in  a  format  that  can  be  understood  by  the  multidisciplinary  design  team  required 
:  t  a  i  ion  design.  This  fundamental  data  will  take  the  form  of  a  handbook  of 
i  •  • :  i  ar;d  human  per  f  orn.ance .  This  handbook  will  be  composed  of  more  than  90  subarea 
V.  .!  .:.i  i .  .caditory,  vestibular,  work  load  (i.easurenien  *  performance  modeling,,  etc.. 
:  lc.  .  ;-‘f  hi)  recognized  experts  in  the  various  areas.  Great  attention  has  been 
:  !e*  I  or::. at  and  organization  of  the  data  tv)  enhance  its  access  ibi  lily.  l‘h  i  s  two 
v1"  ■  "!  rVi  i  i.OOO  pages  wi  II  be  published  by  lohn  Wiley  and  Son.  in  the  summer 


:  he  r-  l*'.'  v  >n«  i  phase  «>  i‘  the  I !’ 1 1)  progr.un  is  to  take  the  data  from  the  handbook,  synthe- 
■i/e  it  into  a  problem  oriented  applied  research  formal  and  index,  eross-relerence  and 
.e-.-.ni.e  i !  into  an  eng  i  neer  i  ng  compendium.  Figures  2  and  3  illustrate  typical  data 
eniries.  dais  engineering  compendium  will  take  the  form  of  a  loose-leaf  design  guide 
with  the  ability  for  rapid  updates.  However,  the  feasibility  of  digitizing  and  further 

it  i  a.  >ii  the  design  compendium  is  being  explored.  Such  a  computer  aided  and  accessed 
data  nast  is  certainly  technically  feasible  and,  in  our  opinion,  has  a  high  probability 
t  achievement  in  the  near  future. 

Throughout  the  IPID  development  process  each  step  has  been  accompanied  by  a  test 
and  evalua'.  ion  phase  with  engineers  and  typical  crew  station  development  problems.  The 
data  from  these  test  and  evaluation  activities  have  been  fed  back  into  the  development 
process  in  order  to  maximize  the  usability  of  both  the  handbook  and  compendium.  The 
prac! icality  of  the  data  base  is  further  tested  by  the  formal  participation  of  the  U.S. 

Ai  T.S.  Navy  and  the  National  Aeronautics  and  Space  Administration  (NASA). 


3.0:  SPATIAL  PERCEPTION 


Factor 

Effect  on  Stereoacuity 

References 

l  cfstth  of  target 

•  declines  slowly  as  length  decreases  from  2.5  deg  to  38 
mm,  then  more  rapidly  with  further  decrease  to  IT  min 

Ref.  2 

\N  uith  of  target 

•  greatest  at  thickness  of  -~2.4  min 

Ref.  3 

Orientation  in  frontal  plane 

•  greatest  for  vertical  orientations 

•  declines  in  proportion  to  cosine  of  angle  of 
inclination  for  nits  away  from  vertical 

CR  3  216 

l  ateral  motion 

•  unaffected  by  lateral  target  motions  <2.5  deg  /  sec 

•  higher  velocities  not  studied,  decline  probable  with 
very  rapid  motion 

CR  3.218 

Motion  m  depth 

•  declines  with  motion  in  depth  >1  deg/ sec 

CR  3.219 

Spatial  frequency 

•  conflicting  results  obtained;  if  stereoacuity  varies  with 
spatial  frequency  of  target,  effect  probably  small 

Ref.  9 

Parget  duration 

•  constant  at  durations  >3  -4  sec  and  <6  msec 

•  from  1  sec  to  6  msec,  decreases  fourfold, 
approximately  in  proportion  to  -  ''i  power  of  exposure 
Juration 

Ref.  7 

Target  comparison 
ons.u  asvnchrony 

•  declines  fourfold  when  target  and  comparison 
presented  sequentially  with  no  overlap  in  time 

Ref.  8 

Kv!i:  left  image 
•tsei  asvp.chrouv 

•  declines  slowly  with  increasing  onset  asynchrony  until 
critical  delav  is  reached  beyond  which  stereoscopic 
depth  cannot  be  maintained 

•  critical  deljv  increases  slowly  from  —  KX)  to  -•  250 
msec  with  increase  in  exposure  time 

Ref.  6 

l  ve.j-i.il  retinal  illuminances 

•  unaffected,  provided  target  detail  visible  in  each 
half  -  image 

•  under  certain  conditions,  special  perceptual  effects 
obtained  that  do  not  affect  stercoacuitv  (  Pulf rich 
effect,  slant  effect) 

CR  3.200; 
3.500;  3  600 

t  onsikai.n  rs 

Interactions  ma>  occur  among  the  various  factors  affecting  stereoacuity,  but  such  interactions  have  not 
generally  been  studied. 
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Figure  .  —  f  P  I  D  ll.ii.i  Base  Entry 


3.20:  STEREOSCOPIC  SENSITIVITY 


.211:  FACTORS  AFFECTING  STEREOACUITY 


KEY  TERMS 

DEPTH  PERCEPTION;  LATERAL  RETINAL  IMAGE  DISPARITY 

GENERAL  DESCRIPTION 

Siereoacuity  is  the  visual  resolution  of  small  differences  in  depth  or  distance  by  means  of  binocular  retinal 
disparity  information.  Stereoacuity  typically  is  measured  by  asking  observers  ( Os  I  to  adjust  two  targets  to 
the  same  distance,  or  to  state  which  of  several  targets  is  nearer.  The  stereoacuity  limit,  or  smallest  detectable 
lateral  disparity,  is  defined  as  the  variability  in  Os’  equidistance  settings  or  as  the  retinal  disparity  at  which 
they  reach  some  criterion  percentage  of  correct  responses  in  identifying  the  relative  depths  of  targets.  The 
table  lists  some  factors  known  to  influence  stereoacuity:  indicates  the  nature  of  the  effect  and  summarizes 
empirical  studies  in  the  area;  and  cites  entries  or  sources  where  more  information  can  be  found. 


Illumination  level 


Absolute  disparity 
i  Jtviunce  from  plane 
>»!  fixation) 

Relative  disparity 


I  at  yet  background  contrast 


l’te\en.e  of  Jepth  reference 


\  .ewint  dtvt  like 


fixation  condii’  Hi' 


Effect  on  Stereoacuity 

•  maximal  at  illumination  levels  of  cd/m!  and 
above 

•  decreases  with  decreasing  illumination  for  lower  light 
levels 

•  maximal  at  fovea 

•  decreases  sharply  with  increasing  distance  from  foveal 
center 

•  declines  by  >50®fo  for  angles  2  deg  into  periphery, 
even  more  sharply  for  ingles  >  6  deg 

•  maximal  at  plane  of  fixation 

•  falls  off  sharply  with  increasing  disparity 

•  declines  by  50^o  for  disparities  as  small  as  5  min  arc 

•  declines  as  relative  disparity  increases 

•  decreases  by  >50®;o  for  relative  disparities  as  small  as 
I  min  arc 

•  unaffected  by  changes  in  contrast  above  level 
required  for  target  visibility 

•  detection  of  step  displacement  of  single  line  degraded 
by  factor  of  10  when  no  depth  reference  target  is 
present 

•  almost  twice  as  great  with  lateral  depth  reference 
targets  as  with  vertically  aligned  reference 

•  reduced  by  tourfold  or  more  in  presence  of  Hanking 
contours  at  distance  of  about  2.5  min  arc 

•  declines  less  for  smaller  lateral  separations 

•  declines  linearly  with  increasing  distance  lor 
separations  '>  ^  9  nun  arc 

•  unaffected  by  viewing  distance  when  all  depth 
cues  except  lateral  retinal  image  disparitv  are 
eliminated. 

•  better  with  rt  deg  field  than  with  1  deg  held 
tother  sizes  not  tested) 

•  greater  when  fixation  alternates  from  target  to  depth 
reference  than  when  fixation  maintained  on  reference 

•  advantage  due  to  alternating  fixation  increases  with 
increasing  angular  separation  of  target  and  reference 


Figure  3 .  —  f  P I D  Data  Base  Entry 

r»  it .;j Lor  i  / oil  B  i  oHechan  ica  1  Mon  Mode  1  (COMB  MAN). 

Tr.il  i  t  iona  I  iy  conceptual  crew  station  design  has  been  performed  using  a  threc- 
dimensional  physical  mock-up.  The  basic  dimensions  for  reachability  of  controls  and  line- 
c 1 1 -sight  to  displays  can  be  specified  through  actual  testing  with  representative  subject  . 
This  method,  however,  was  inherently  limited  because  of  the  difficulty  in  obtaining 
subjects;  with  the  desired  body-size  characteristics  to  pro:  or  Iy  fit  the  required  range  of 
user  population. 

•  .nnpui  i.  r  modeling  and  graphics  offer  an  effective  alternative  to  the  traditional 
physical  [..«•  k-.ip.  The  Computerized  B  ioMechan  ica  1  Man  Model  (COMBI  MAN)  (ref.  )  developed 
at  A FAME I.  has  gained  wide  acceptance  by  the  aircraft  design  community.  It  allows  the 
.  cis!  rui.  t  ion .  man  ipu  lit  ion  and  evaluation  of  three-dimensional  models  of  crew  stations. 

\r.  addition,  a  geometric  representation  of  the  human  operator  based  on  anthropometric 
^.it  i  is  used  to  evaluate  interactions  with  the  crew  station  designs. 
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A  r.'i::!i-T  nt  .tl'W  st.it  ion  design  lealures  can  be  interact  ivejy  assessed  with  COMBIMAN's 
.  h  i  <  s  capabi  litv.  They  include  physical  size  accommodation,  visual  accotnmodat  ion. 
rta.ii  .  ice  ocir.iocl.it  ion,  and  operator  strength  compatibility.  The  first  area  reiers  to 
operator  i i!  and  body  clearance  in  the  crew  station.  Visual  field  accommodat ion  refers 
to  analysis  of  I  i ne-o I - s igh t  with  displays  and  outside  the  cockpit  windscreen.  Reach 
uC'.  miKioil.it  ion  refers  lo  the  ability  to  operate  the  necessary  controls.  This  is  also 
c.  rhinod  with  the  operator  strength  compatibility  analysis  to  ensure  ease  oi  usage. 

iMMblMAN  programs  are  coded  in  KORTRAN  IV  and  are  compiled  with  an  IBM  FORTRAN  G 
cocipi  ivr.  The  IBM  System/360  Operating  System  Graphics  for  FORTRAN  IV  is  used  to  generate 
the  GRT  graphics.  Versalec  VFRSAi’LOT-O/  software  is  used  lor  on-line  plotting.  The 
ta  'MB  I  MAN  program  uses  about  650K  bytes  oi  storage  and  at  least  dOK  bytes  of  graphics 
buffer.  Six  external  data  sets  on  disk  are  used  for  InpuL/Oulput  operations.  A  typical 
i'hl  display  is  shown  in  fig.  A.  The  above  specifications  are  tor  version  6  of  COMB  I  MAN 
which  was  released  in  1 98A .  Further  improvements  are  planned  in  particular  to  the  anthro¬ 
pometric  data  bases  and  graphics  capabilities. 


Figure  4. 


COX!!  IMAM  CRT  Display  with  Man-Mo.!.-!  ind 
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Wo r l_o .t d _ As sessmen t 

The  final  phase  of  the  simplified  cockpit  design  process  is  design  verification. 

This  phase  has  historically  been  neglected,  partially  because  the  proper  quantitative 
methods  have  not  been  generally  available.  Also,  the  less  complex  aircraft  systems  of 
the  past  allowed  design  flaws  to  be  more  easily  overcome  by  the  adaptive  nature  of  their 
human  pilots.  Now,  however  where  difficult  missions  require  complex  capable  aircraft, 
cockpit  design  and  integration  errors  must  be  minimized  before  final  design  and  production 
decisions  are  made.  This  verification  must  include  both  system  measures  of  effectiveness 
and  importantly  pilot  performance  and  workload. 

In  this  paper  we  will  concentrate  on  recent  developments  to  measure  operator  work¬ 
load.  The  concept  of  workload  stems  from  the  psychological  construct  that  humans  possess 
various  mental  resources  which  are  depleted  during  the  performance  of  tasks.  The  goal 
of  measurement  is  then  to  tap  the  appropriate  resources  within  a  person  to  estimate  how 
much  of  these  resources  are  expended  and  their  interaction  with  task  demands  and  response 
variables. 


The  measurement  of  pilot  workload  is  particularly  important  in  the  context  of  the 
theme  of  this  symposium.  It  is  recognized  that  night  all-weather  tactical  missions  pose 
high  workload  and  stress  conditions  on  pilots.  Technological  developments  in  the  areas 
of  guidance,  control  and  navigation  automation  afford  oppor tuni t i es  to  reduce  this  work¬ 
load  jnd  improve  the  effectiveness  of  the  overall  aircraft  system.  However,  as  discussed 
earlier,  the  pilot  interface  with  these  automated  systems,  indeed  even  the  choice  of  what 
to  automate,  must  be  carefully  human  engineered. 

Underscoring  the  importance  of  workload  assessment  in  the  design  of  cockpits  are  some 
of  the  potential  pitfalls  of  interfacing  pilots  with  automation.  It  is  likely  that  as 
functions  are  automated  in  aircraft  systems  pilots  will  still  be  responsible  for  monitor¬ 
ing  the  health  and  status  of  this  automation.  The  attention  required  for  this  will 
naturally  result  in  a  workload  penalty  which  must  be  evaluated  with  respect  to  the 
benefits  of  the  automation.  Pilots  must  also  maintain  their  situation  awareness  and 
system  confidence  o  perform  effectively.  This  requires  the  use  of  resources  as  well  and 
may  become  more  difficult  when  some  functions  are  automated. 

A  comprehensive  set  of  operator  workload  measures  has  been  developed  over  the  last 
five  years  at  the  Air  Force  Aerospace  Medical  Research  Laboratory.  They  have  fallen  into 
the  three  general  categories  of  subjective,  behavioral  and  physiological  measures.  The 
development  of  these  improved  measures  are  individually  significant  to  design  and 
performance  assessment  problems,  however,  their  utility  is  magnified  when  combined  with  a 
framework  on  how  and  when  to  use  them.  Research  efforts  at  our  Laboratory  have  focused 
on  providing  this  measurement  framework  as  well  as  the  equipment,  software,  and  procedures 
for  vise  in  simulation  and  field  settings. 

In  assessment  of  operator  workload  levels  related  to  gu  idance-contro  1-nav  igat  ion 
automation  for  night  all-weather  tactical  operations,  a  multi-stage  process  will  be  used. 
First,  broadly  based  measures  such  as  performance  timeline  analysis  and  subjective 
opinion  will  be  used  to  focus  further  study  and  identify  specific  problem  areas.  This 
initial  screening  will  uncover  workload  "choke-points,"  potential  operator  overload  with 
degraded  performance,  that  will  then  be  more  intensively  studied  using  specific  sub¬ 
jective,  behavioral  and  phys io  lgo ica  1  measures.  Results  of  these  studies  will  then  be 
used  diagnostically  to  refine  crew  station  designs  and  perhaps  re-examine  the  functional 
allocation  of  automation  in  the  overall  aircraft  system.  We  will  now  describe  the  details 
of  the  specific  subjective,  behavioral  and  physiological  measures  that  have  been 
developed. 


Subjective  Workload  Assessment 


First  is  the  use  of  subjective  judgement  as  a  measure  of  operator  workload.  Recent 
trends  in  the  psychological  literature  support  the  inclusion  of  subjective  techniques  as 
an  important  element  of  an  overall  work  load  assessment  methodology  (ref.  8).  This 
position  stems  basically  from  the  conclusion  that  if  an  operator  feels  loaded  and  must 
use  considerable  effort  while  performing  his  tasks  he  really  is  loaded  and  effortful. 

This  is  true  despite  the  actual  measured  performance  level  of  his  tasks  because,  prior  to 
actual  performance  degradation,  subjective  feelings  indicate  the  added  effort  that  is 
being  expended.  Subjective  measurement  techniques  also  offer  the  potential  of  being 
relatively  nonintrusive  to  the  performance  of  the  primary  mission  tasks  and  can  be  easily 
implemented  in  complex  simulation  or  actual  operational  setting.  In  any  case,  however, 
it  must  be  emphasized  that  subjective  measurement  is  part  of  an  overall  system  of  work¬ 
load  assessment  and  is  not  necessarily  used  as  the  sole  technique. 


The  Subjective  Workload  Assessment  Technique  (.SWAT)  (ref.  9)  has  been  developed  at 
the  Air  Force  Aerospace  Medical  Research  Laboratory  and  has  gained  wide  acceptance  and 
usage  throughout  the  United  States  and  allied  nations  by  both  researches  and  weapon 
system  developers.  SWAT  uses  a  psychometric  technique  called  conjoint  measurement  to 
construct  interval  workload  scales  from  ordinal  rankings  of  subjective  load  levels.  This 
has  solved  some  of  the  historic  problems  with  subjective  assessment  that  suffered  from 
limitations  because  of  nons t andard  i  zed  scales.  With  conjoint  measurement  only  the  ordinal 
r>' i  it  ionship  oi  the  data  is  required  to  produce  an  interval  scale.  Also  the  joint 
etlo-'ts  ol  several  factors  are  represented  algorithmically  by  rules  that  are  directly 
i  iept  it  i  ed  t  rom  the  subjective  data.  The  |>ower  ot  this  technique  has  significant 
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.iav.mi.if.cs  over  the  strictly  ordinal  results  that  were  obtained  from  subjective  opinion 
in  (he  p  is l  . 

The  rating  factors  that  have  been  included  in  SWAT  are  adopted  from  a  theoretical 
framework  developed  by  Sheridan  and  Simpson  (1979  ref.  10)  for  workload  assessment.  These 
dimensions  are  time  load,  mental  effort  load  and  psycho  logical  stress.  It  is  assumed 
ih.it  subjective  workload  can  be  represented  by  a  combination  of  these  three  dimensions. 

Ihe  definitions  of  the  three  dimensions  as  well  as  the  levels  that  are  solicited 
subjectively  are  as  follows: 

T  i  me  l.oad 

1.  No  or  very  few  interruptions  in  the  planning ,  execution,  or  monitoring  of  tasks. 
Spare  time  exists  between  many  tasks. 

2.  Task  planning,  execution  and  monitoring  are  often  interrupted.  Little  spare 
time.  Tasks  occasionally  occur  simultaneously. 

1.  Task  planning,  execution  and  monitoring  are  interrupted  most  of  the  time.  No 
spare  time.  Tasks  frequently  occur  simultaneously.  Considerable  difficulty  in 
accomplishing  all  tasks. 

Men to  1  Ei fort  Load 

1.  Little  conscious  mental  effort  or  planning  required.  Low  task  complexity  such 
that  tasks  are  often  performed  automatically. 

2.  Considerable  conscious  mental  effort  or  planning  required.  Moderately  high  task 
complexity  due  to  uncertainty,  unpredictability,  or  unf am i  1  iar i ty . 

3.  Extensive  mental  effort  and  skilled  planning  required.  Very  complex  tasks 
demanding  total  attention. 


ical  Stress  Load 


1.  Little  risk,  confusion, 
accommodated . 


frustration,  or  anxiety  exists  and  can  be  easily 


2.  The  degree  of  risk,  confusion,  frustration,  or  anxiety  noticeably  adds  to 
workload  and  requires  significant  compensation  to  maintain  adequate  performance. 


3.  The  level  of  risk,  confusion,  frustration,  or  anxiety  greatly  increases  workload 
and  requires  tasks  to  be  performed  only  with  the  highest  level  of  determination  and 
sc  I  f -coni ro 1 . 


Procedures  for  the  application  of  SWAT  have  also  been  developed  and  validated.  As 
an  example,  consider  the  evaluation  of  a  particular  automation/cockpit  configuration  in  a 
piloted  aircraft  simulator.  Once  the  subject  pool  has  been  identified  and  briefed  on  the 
purpose  of  the  study,  they  are  asked  to  develop  an  overall  ranking  of  the  combined  work¬ 
load  factors.  That  is,  the  27  combinations  of  workload  level  and  dimension  are  ranked  to 
produce  a  scale  that  represents  the  joint  effect  of  time  load,  mental  effort  load,  and 
psychological  stress  load.  These  results  are  then  used  to  develop  the  overall  interval 
workload  scale.  SWAT  applications  to  date  have  shown  that  subject  ranking  data  can  be 
gtouped  into  three  clusters  representing  individuals  that  weigh  time,  mental  effort  or 
psychological  stress  load  more  heavily.  Conjoint  scaling  routines  are  then  used  to 
derive  numerical  values  for  each  combination  of  levels  that  preserve  the  original 
order  i  ng . 


Next  the  actual  event  scoring  phase  of  SWAT  can  be  accomplished.  Some  preplanning 
is  required  to  determine  what  mission  phases  and  tasks  should  be  scored.  Ratings 
should  he  taken  temporally  as  close  to  these  as  possible.  During  the  actual  simulator 
experimental  run,  the  pilot  would  be  asked  to  rate  each  of  the  three  load  dimensions  for 
the  event  of  interest.  The  actual  administration  should  be  planned  so  that  it  does  not 
interfere  with  the  mission  tasks  and  events.  The  scale  value  solicited  then  becomes  the 
actual  subjective  workload  score  for  that  event. 


SWAT  has  also  been  used  in  two  alternate  modes  that  prove  very  useful.  Reflective 
SWAT  iref.  11)  is  ied  after  experimental  runs  and  is  usually  combined  with  post-trial 
interviews  where  subjects  are  asked  to  reflect  on  particular  events.  This  allows  rating 
nr  events  that  could  not  be  obtained  in  real-time.  Secondly,  SWAT  has  been  used  success¬ 
fully  in  a  projective  mode  as  well  (ref.  12).  This  is  the  case  when  a  system  does  not 
exist  jnd  subjects  are  asked  to  rank  workload  for  hypothetical  systems  and  situations, 
i’rojective  SWAT  is  a  powerful  tool  for  obtaining  estimates  of  workload  during  concept 
dctiriition  and  early  design  of  avionics  and  cockpit  configurations.  Projective  ratings 
have  agreed  well  with  eventual  piloted  simulator  data. 


Applications  of  SWAT  have  been  numerous  within  the  Air  Force  and  aircraft  industry. 
Notably  it  has  recently  been  used  to  select  from  among  control/display  alternatives  for 
implementation  in  a  transport  aircraft.  Also  initial  German  and  French  versions  have  been 
developed.  Further  improvements  to  SWAT  procedures  and  software  are  being  developed  at 
the  Air  Force  Aerospace  Medical  Research  Laboratory.  Two  areas  receiving  attention  are 
additional  validation  ot  projective  SWAT  because  of  its  potential  importance  to  the 


ov.ilu.it  ion  oi  Air  Force  weapon  systems  early  in  development,  and  automated  support  for 
SWAT  application  and  analysis. 

Z.  Behavioral  Workload  Assessment 

The  second  major  category  of  operator  workload  assessment  technique  being  investi¬ 
gated  at  the  Air  Force  Aerospace  Medical  Research  Laboratory  is  behavioral.  As  the  name 
in. plies  this  involves  direct  measurement  of  pilot  performance,  usually  in  terms  of  time 
and  error  to  perform  certain  tasks.  Workload  investigators  have  historically  used  a 
technique  known  as  secondary  task  as  a  measure  of  primary  task  workload.  In  this  approach 
a  pilot  is  given  a  task  unrelated  to  his  mission  responsibilities,  for  example  a  tracking 
task.  Then  as  the  pilot  performs  his  primary  mission  tasks,  changes  in  workload  are 
detected  by  changes  in  performance  of  the  secondary  task.  This  technique  stems  from  the 
multiple  resource  theory  of  human  cognitive  processing  (ref.  13).  A  variation  of  this 
approach  called  embedded  secondary  task  uses  one  of  the  routine  mission  lasks  os  the 
actual  secondary  task.  This  has  obvious  advantages  because  it  is  non  int r us ive . 

The  techniques  mentioned  above  have  historically  lacked  a  cognitive  process  framework 
in  selection  of  the  secondary  tasks  and  interpretation  of  performance  results.  Research 
at  cur  laboratory  has  resulted  in  the  development  of  the  Criterion  Task  Set  (CTS)  Resource 
Framework  to  address  this  problem  (fig.  5)  (ref.  14).  The  CTS  model  defines  three  stages 
of  processing  for  input,  central  and  motor  output  resources  (ref.  15).  Each  stage  is  also 
associated  with  appropriate  modes  for  input  (visual/auditory),  output  (manua 1/ voca 1)  and 
the  central  processing  code  (spatial/symbolic).  The  central  processing  stage  is  further¬ 
more  subdivided  into  a  working  memory  and  three  different  levels  of  central  decision 
activity. 

The  CTS  framework  has  rapidly  gained  acceptance  by  both  researchers  and  applied 
per  i  orm.ince  analysts  as  a  useful  tool  for  organization  of  human  performance  studies.  It 
is  being  considered  as  a  possible  international  standard  and  is  currently  a  major  part 
of  a  Tri -Service  performance  battery  for  the  assessment  of  chemical  defense  pretreatment 

d  r  u  s  . 

In  terms  of  automation  for  tactical  aircraft  operations  the  CTS  is  not  just  a 
measurement  framework.  When  combined  with  the  subjective  techniques  discussed  earlier 
and  the  e  ler  rophys  io  log ica  1  measures  that  will  be  described  next,  the  CTS  provides 
insight  into  which  operator  resource  pools  (that  is,  input,  output,  central)  are  being 
lapped  by  scenario  demands  and  also  the  con t ro  1 /d  isp  lay  and  automation  configuration. 

Thus  further  insight  into  the  cause  of  potential  workload  choke  points  can  be  obtained 
lor  the  purpose  of  evaluation  of  cockpit  design  and  impact  of  automation  on  the  pilot. 


CTS  RESOURCE  FRAMEWORK 


Figure  . 


('TS  Resource  Framework 


3. 


ic.il  Workload  Measures 


The  third  major  category  of  workload  measurement  technique  to  be  presented  i  r. 
e  lec trophysio  logica  1.  In  the  past  physiological  measures  of  performance,  stress  and 
workload  have  not  been  very  successfully  applied.  The  primary  problem  was  that  all 
measures  wc.e  somewhat  equated  in  terms  of  providing  an  overall  level  of  "arousal"  or 
"activation  level."  Experimental  results  were  therefore  inconsistent  depending  on  task 
and  environment.  More  recently,  however,  studies  have  indicated  that  specific  psycholog¬ 
ical  functions  are  reflected  by  certain  physiological  measures.  The  Air  force  sponsored 
a  large  number  of  studies  to  further  validate  this  construct.  A  final  set  of  six  electro- 
physiological  measures  was  selected  and  built  into  a  hardware  measurement  system  called 
the  Neurophysiological  Workload  Test  Battery  (NWTB) .  The  NWTB  provides  an  easy  to 
use  workload  measurement  system  for  general  laboratory,  simulator  and  limited  field 
assessment  of  workload.  Of  particular  importance  is  to  provide  sufficient  automation  and 
explanation  so  that  the  system  can  be  widely  used  by  other  than  psychophysiology  experts. 
To  achieve  this  goal  the  initial  version  of  the  NWTB  is  current  ly  be ing  validated  on 
contract  with  a  major  aircraft  manufacturer.  Guidelines  lor  application  of  the  individual 
n.e  a  s  ures  to  specific  design,  evaluation  and  simulation  prob  lems  will  result  as  well  as 
suggestions  for  improvement  for  a  next  generation  measurement  system.  A  brief 
description  of  the  specific  tests  implemented  on  the  NWTB  follows. 

first  is  the  Transient  Cortical  Evoked  Response.  This  represents  the  brain's 
response  to  a  slow  rate  (below  1  hertz)  discrete  stimulus  such  as  on  auditory  or  visual 
input.  In  medical  terminology  this  measured  activity  is  called  the  electroencephalogram. 
The  measured  waveform  has  several  peaks,  the  early  peaks  correlate  with  human  sensory 
function,  while  the  later  components  are  associated  with  central  and  output  processing. 

I  he  P  3  (or  P  31)0 )  peak  is  most  highly  correlated  with  mental  workload  and  decreases  in 
amplitude  as  cognitive  processing  load  increases.  To  acquire  the  signal  surface 
electrodes  ire  pasted  to  several  locations  on  the  scalp. 

The  second  category  of  tests  is  the  Steady  State  Evoked  Response.  Here  the  brain 
is  stimulated  more  rapidly  (faster  than  A  hertz)  and  eventually  reaches  a  steady  state 
so  that  electrical  activity  at  the  same  frequency  as  the  input  signal  can  be  measured. 
Phase  lag  measures  and  calculation  of  the  latency  of  the  visual  system  indicate  that  the 
Steady  State  Evoked  Response  is  useful  as  a  measure  of  sensory  system  workload.  Surface 
scalp  electrodes  are  again  used  to  gather  this  data. 

Next,  the  NWTB  also  measures  eye  movement  and  blink  pattern  data.  The  eye  blink 
frequency  has  been  shown  to  be  indicative  of  operator  attention  and  fatigue  or  long-term 
workload.  Basically,  a  more  demanding  task  requires  increased  operator  attention  and, 
thus,  data  indicate  that  blink  frequency  decreases.  Preliminary  evidence  also  shows  a 
comparable  decrease  in  blink  duration  based  on  the  same  rationale.  This  data  is  gathered 
again  by  electrodes  placed  above  and  to  the  side  of  the  eyes  (often  called  the  electro- 
ocu  lograph)  . 

A  measure  of  muscle  activity  is  also  included  in  the  NWTB  to  monitor  physical  work¬ 
load.  Electrical  signals  measured  by  electrodes  are  used  to  assess  overall  muscle 
fatigue  such  as  may  be  encountered  in  a  difficult  tracking  or  manual  control  task. 

The  final  type  of  measure  included  in  the  test  battery  is  the  electrocardiogram 
(EKG)  which  is  also  acquired  through  the  use  of  surface  electrodes.  To  date,  preliminary 
dal. i  indicate  that  cardiac  variability  holds  promise  as  a  measure  of  cognitive  workload. 

Prom  the  brief  summary  of  the  e  lec trophys io  log ica  1  measures  described  above,  the 
importance  of  the  validation  effort  is  underscored.  That  is,  procedures  for  when  and  how 
;.i  apply  the  measures  are  necessary  to  effectively  evaluate  workload  levels  imposed  by 
crew  station  configurations.  The  neurophysiological  measures  in  particular  offer  the 
potential  to  evaluate  fine  grain  performance  associated  with  particular  control,  display 
and  automation  alternatives.  Plans  for  the  next  three  years  include  the  development  of 
an  advanced  battery  suitable  for  field  test  and  airborne  applications. 

COCKPIT  AUTOMATION  TECHNOLOGY  (CAT) 

As  you  can  see  from  our  previous  discussion,  it  is  our  opinion  that  the  technology 
mu  t  provide  a  comprehensive  data  base  and  individual  design  methodology  for  the  solution 
of  pec i lie  problems,  e.g.,  GOMBIMAN,  hut  this,  of  course,  is  not  enough.  An  overall 
design  methodology  is  required  that  provides  structured  quantitative  traceability  of 
design  decisions  usable  throughout  the  development  process  from  conceptual  design  through 
the  inevitable  modification  programs.  To  provide  this  design  process  the  United  States 
Air  Force  instituted  the  Cockpit  Automation  Technology  (CAT)  advanced  development  program. 
It  successful,  this  program  by  1989  will  provide  a  basis  for  the  standardized  crew  station 
dor  ig.n  process  for  use  by  government  and  contractor  personnel  which  will  reduce  overall 
dc  .  c  io,,m<nt  risk  and  result  in  optimized  cockpit  design.  Most  importantly  the  process 
will  integrate  into  a  unified  system  including  all  air  vehicle  subsystems,  e.g.,  avionics, 

I I  m .  f t  ,  propulsion,  flight  control,  life  support  and  escape,  etc.,  insofar  as  they 

ir:;  inge  on  the  cockpit  design.  Once  the  methodology  is  developed  in  phases  one  and  two  of 
the  program  a  specific  cockpit  crew  system  will  he  designed,  mechanized  and  demonstrated 
utilising  ground  based  man  -  in- the- loop  full  mission  simulation  to  test  the  practicality 
ard  /oddness  of  the  process.  The  night  in  weather  air-to-ground  mission  will  be  the 
fo.es  of  this  test  crew  system  and  will,  hopefully,  represent  a  point  of  departure  for 
future  designs  in  this  difficult  mission  area.  A  similar  point  design  will  he  developed 
ur  tie*  air-to-air  combat  mission  in  a  subsequent  phase  of  the  pr ogr am . 


Ill 


l'ho  Cockpit  Automation  Techno  logy  program  is  contractually  structured  to  ensure  the 
.ippropr  late  multidisciplinary  skills  are  brought  to  bear  on  the  problem.  In  phase  one  oi 
the  program,  three  contract  teams  are  employed  utilizing  a  combination  of  airframe 
companies,  avionics  developers,  analysis/modeling  houses,  and  human  engineering  organiza¬ 
tions.  These  three  teams  of  pr imary/ subcon t rac t ing  groups  are  providing  the  skills  and 
technology  sets  necessary  for  a  unified  design  process  and  have  already  resulted  in  some 
promising  synergistic  integration  of  design  approaches. 

The  Cockpit  Automation  Technology  design  process,  including  the  design  procedures, 
individual  design  tools,  data  bases,  human  performance  metrics  and  models  will  be 
implemented  to  the  extent  practical  using  computer  aided  design  and  engineering  (CAD/CAE) 
to  improve  both  the  efficiency  and  the  technology  transition  of  the  process  to  the  varied 
design  community  involved.  The  Cockpit  Automation  Technology  Program  will  complete  phase 
erne  in  1  98  5  with  the  development  of  the  three  competing  design  processes.  Phase  two  of 
the  program  beginning  in  1985  will  fund  two  independent  development  efforts  to  further 
develop  the  design  methodology  and  provide  the  above  discussed  point  design.  Phase  three 
i » f  the  program  to  be  completed  in  1989  will  take  the  best  process/point  design  and 
accomplish  an  evaluative  man- in- the- loop  simulation  with  simultaneous  translation  of  the 
design  process  into  a  computer  aided  design  system.  Once  such  a  system  is  in  place,  it 
is  anticipated  that  both  user  experience  and  technology  push  will  require  its  periodic 
re; inement  and  approaches  to  accomplish  this  very  necessary  function  are  currently  in 
p  I, inn  i  ng  . 
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RESUME 

Dans  le  cadre  des  missions  adroportees  tous-Iemps,  il  s’avdre  ndeessaire  de  donner  au  pilote  des  informations  sur  le  monde  extd- 
rieur  mime  et  surtout  en  ('absence  d’informations  des  capteurs  radar  ou  optroniques.  Le  ddveloppement  des  banques  de  donndes 
numeriques  altimetnques  amdne  THOMSON-CSF  4  dtudicr  la  prdsentation  d’un  relief  synthdtique  dans  un  cockpit.  L’dtude  des  diverses 
memoires  de  masse  montre  qu'un  film  couleur  a  des  capacites  de  stockage  remarquables.  Les  donndes  altimdtriqucs  sont  stockees  sur 
un  film  qui  est  lu  par  le  lecteur  MERCATOR  (dont  la  vocation  initiate  cst  la  lecture  d'images  cartographiques).  Les  algorithmes  de 
synthese  3D  utilises  prot'itent  des  possibility  exceptionnellcs  que  permet  I’analyse  du  MERCATOR.  Cette  dtude  montre  comment 
un  produit  unique,  le  lecteur  cartograpltique  MERCATOR,  destind  4  prdsenter  des  images  planes,  est  utilisd  pour  rdaliser  des  visua¬ 
lisations  tridimensionnelles  de  terrain. 


1.0  INTRODUCTION 

Le  departement  Avioni  ,  -e  gdndrale  (AVG)  de  THOMSON-CSF,  division  AVS,  produit,  en  partieulier,  les  tal  1  -aux  de  bord  FITS 
les  AIRBUS  A3 10  et  A3 20,  les  systdmes  de  visualisation  du  Mirage  2000  et  de  l’Atlantique  nouvelle  generation.  Ont  dtd  dgalemcnt 
developpes  les  lecteurs  cartographiques  couleur  ICARE  puis  MERCATOR.  Ils  visualisent  sur  un  dcran  cathodiquc  couleur  la  carte  clioisie, 
amsi  que  diverses  informations  de  navigation  et  de  pilotage.  L'dtape  suivante  consiste  a  prdsenter  une  image  synthdtique  perspective.  Le 
s>  steme  que  nous  allons  ddcrire  est  directement  issu  de  MERCATOR  dont  il  reprend  les  dldments  principaux,  nous  y  reviendrons. 

Son  hut  construire  un  pavsage  synthetique.  Prdcisons  tout  d’abord  le  role  que  nous  voulons  attribucr  4  cctte  image. 


I  I  ROLE  D  UNE  IMAGE  SYNTHETIQUE  DE  PAYSAGE 

On  peut  etre  tentd  d'utdiser  une  image  synthdtique  gdndrde  en  temps  rdel  et  projetde  en  tete  haute  pour  compldter  le  paysage  de 
de  lads  importants  qui  ne  sont  pas  visibles  soit  pour  des  raisons  de  mdtdorologie  ou  de  niveau  lumineux  (vol  de  nuit),  soit  pour  des 
raisons  de  masquage  par  le  relief.  On  conserve  ainsi  les  reflexes  de  pilotage  du  vol  4  vue,  tout  en  donnant  confiancc  au  pilote  par  la 
superposition  des  images.  Ceci  est  raisonnable  pour  des  symbologies  telles  que  les  pistes  artificielles  destindes  4  guider  le  pilote  et  que 
Ion  peut  superposer  au  paysage  extdrieur,  via  une  visualisation  tete  haute.  Mais  les  primitives  graphiques  de  ces  «objets»  sont  le  plus 
consent  extremement  simples  (rectangles)  ;  et  les  appareils  de  locahsation  utilisds  (radiolocalisation  d'approche)  sont  trds  prdcis. 

II  est  bc.iucoup  plus  ddlicat  de  superposer  un  paysage  synthdtique  construit  4  partir  d’une  banque  de  donndes  altimdtrjques  et  du 
systdme  de  navigation  ettibarqud.  Et  ce,  pour  des  raisons  de  confiancc  dans  I’information  prdsentde.  En  effet,  une  erreur  minime  sur  le 
positionnement  de  1’adronef,  ou  sur  une  des  altitudes  stockdes,  peut  se  tnduire  par  une  image  perspective  eloignde  angulairement  de 
I'miage  reelle.  surtout  sur  les  pbns  de  vision  proche.  La  cause  en  est  le  principe  meine  de  la  projection  perspective  :  l’image  d’une  erreur 
(en  altitude  par  exemple)  se  traduit  4  l'dcran  par  une  erreur  inversenient  proportionnelle  4  la  distance  de  I'observateur  au  point  ou  se 
situe  l'crreur. 

I  n fin.  n'oiibhons  pas  I'incertitudc  due  4  la  couvcrture  vdgdtale. 

Done,  nous  pensons  pour  I'mstant.  que  ce  type  d'images  ne  doit  pas  etre  prdsentd  en  tete  haute.  II  peut  ne-anmoins  servir  4  I'aide  au 
pilotage,  en  tete  basse.  en  pienant  en  compte  1'enveloppe  deserreurs  possibles,  surtout  avee  les  nouveaux  systdmes  de  navigation  dont  la 
precision  s'aroehore  enormenicnt  grace  aux  tecalages  automatiques.  II  est  aussi  trds  utile  pour  I'aide  4  la  prise  de  decision.  Dans  ce  but, 

*  n  peut  proposer  plusieurs  types  d’images  . 

I'observateur  cst  situe  4  la  position  avion,  le  cli3mp  de  I'image  est  large,  et  la  direction  de  vision  au  clioix.  (Inc  vision  faible 
hump  i/oomi  peut  etre  prdsentde  dans  touts  direction, 

I’observateur  est  .Hue  a  la  position  de  I'avion,  mais  4  one  altitude  supdricure.  On  presontc  dans  ce  eas  la  scene  que  le  pilote  a  ou 

dw i. lit  avoir  sous  les  yens  vue  d'une  position  phis  elevde  La  visualisation  de  la  route  4  suivre  ou  des  objectifs  sol  est  facilitde. 

•  ii  si.pprime  sur  le  p  iv  sage  de  sv  nthese  les  premiers  plans.  Les  /.ones  qu'ils  e.ichaieiit  sont  alors  visibles. 

D"  nitres  (or,  r u  ■  j-  ,|  ude  .1  la  decision  pourront  etre  ajoutees 


1 1  Mites ,  is  piL  sen  tat  ii  >ns  peuvent  etre  et  tee  luces  a  partir  du  point  aetuel.  ou.  par  e  xemple.  4  partir  li'un  point  futur  eoirespoinlant 
a  une  phase  srirrp.e  de  la  mission. 


I  2  XL  TRLS  SYMBOLOGIES 

Notre  propos  nest  pas  de  les  ddcrire.  D’autrcs  auteurs  Font  lait  et  I  ongm.ilitd  de  noire  travail  est  aillcurv  (Vpcndant  rappelons  que 
for,  peut  s  iperposer  aux  images  gdnere'  des  figurations  graphiques  visuahsaiit  en  3D  les  /ones  dnngereuses  (prdseine  de  batteries  enne- 
nnesi.  la  route  .le  sccuntc  maximale.  etc...  Prdcisons  seulcmcnl  que  la  methode  de  stockage  et  d'acvex  aux  donnees  altimetriques  que 
mills  allons  i  xp.iser  faeililera  grandement  le  positionnement  vie  ees  inlorri.itions. 


2.0  MERCATOR 


Ftudions  bricvement  Findicateur  cartography  ue  MERCATOR  (figure  1  >.  MERC  A  TOR  est  un  analyseur  de  film  couleur  i  spot 
mobile  l  Hying  spot). 

t.e  comenu  du  film  (une  carte,  et.  plus  generalement,  toute  image)  est  affiche  sur  un  tube  cathodique  couleur.  Chaque  position  du 
Npot  du  tube  d 'analyse  3  large  bandc  spectrale  «tf  claire*  le  point  tftuditf  du  film.  Le  rayon  correspondant  traverse  le  film,  puis  est  decom¬ 
pose  en  ses  trots  composantes  :  rouge,  vert,  bleu,  par  le  stfparateur  trichrome.  Les  troF  photomultiplicateurs  terminent  la  chaine  d’ana- 
lysc.  I  ’interet  principal  d’une  analyse  de  film  par  spot  mobile  est  quo  de  simples  modifications  du  balayage  rtf ali sent  des  rotations  ou 
de>  zooms  des  images  visualistfes.  11  suffit  d’appliquer  une  rotation  ou  un  facteur  d’tfehelle  au  balayage  de  type  television  du  tube  d'ana- 
lyse.  L.e  seul  sous-ensemble  mtfeanique  de  MERCATOR  asservit  1’avance  du  film. 


3  0  LA  M t MOIRE  FILM 
VI  INTERET  DE  LA  MEMOIRE  FILM 

Dans  MERCATOR,  le  film  mtfmonse  la  carte  sous  la  forme  de  son  image.  Le  film  est  en  effet  un  moyen  de  stockage  d’informations 
remarquable  tant  sur  le  plan  volume/poids  que  capacittf.  Le  tableau  I  ie  montre.  U  compare  les  memoires  habituellemenf  utilistfes,  £  une 
bobine  de  1  7  m  de  film. 

Deuxieme  point  important  :  le  film  est  une  mtfnioire  bidimensionnelle.  Chaque  point  est  accessible  aleatoirement.  II  est  possible  de 
lire  les  donnees  sequenliellement  le  long  de  toute  droite.  II  suffit  pour  cela  que  le  lecteur  £  spot  mobile  suive  cette  droite. 

Synthetiser  un  paysage  nous  permet  de  tirer  pleinemcnt  parti  de  cette  mtfmoire  surfacique  en  mtfmorisant  sur  le  film,  non  plus  une 
carte,  mu  in  des  donnees  altimctnques. 


I ABLEAU  1  :  RECAP1TULATIF  DES  MEMOIRES  DE  MASSE 


TYPE 

LIMITATIONS 

Memoir  s  tfleetroniques 

1  hoi  tier  ■-  1  Mhits 

(dpaisscur  estimtfe  avec  support  &  1 0  mm) 

lOGbits  =  10000  boitiers  et  1,25  kW  en  moyenne 

Hulles  magnetiques 

1  boitier  5”  x  S”  =  4  Mbits  (45  x  15  x  5  mu) 

lOCibits  =  2500  boitiers  et  1,2  kW  en  moyenne 

Disques  magneliques 

1  disque  de  200  mm  =  100  Mbits  (non  formats)  sur  deux  faces 

10  Gbits  =  100  disques 

Itandes  magnetiques 

Toute  la  bande  defile  en  au  moins  6  min.  300  kbits/pouce**2 

1 0  Gbits  =  3000  m  de  bande  (une  bobine  de  1 5") 

Video  disque 

Militarisation  A  faire 

10  Gbits  =  1  disque  de  300  mm  ( 1 ,25  disque  de  200  mm) 

Film  photo 

9,7  Mbits/ pouee**2 

10  Gbits  =  17mdefilm 

3  2  STOCKAGE  O'  ALTITUDES  SUR  UN  FILM 

\<«us  dispmons  des  fielders  altimetriqucs  numtfriques  rtfalistfs  par  IGN  (Institut  Gcographique  National).  Ce  sont  des  fielders  n. all¬ 
ies  (  Yst-iVdire  que  les  jltitudes  du  terrain  sont  donntfes  selon  un  maillage  trace  sur  le  sol.  IGN  code  les  altitudes  sur  16  bits. 

Nous  etablissons  une  correspondance  surfacique  entre  chaque  point  du  fielder  et  Ic  film.  Chaque  pixel  du  film  est  itnpressionne  de 
telle  sorte  que  m*s  pigments  portent  I’information  altitude  du  point  correspondant  du  fielder. 

Pour  cela.  le .  altitudes  sent  transcodees  en  une  table  de  transparence  dans  chaque  couleur.  rouge  (R),  vert  (V).  bleu  (ID.  Done  ik 
chaque  altitude  correspond  un  triplet  de  transparences  R.  V,  B.  Lc  film  est  rtfalistf  afin  que  ce  triplet  soit  retrouvtf  A  fanalyse  et,  ainsi, 
tmirni'se  par  decodage  une  altitude. 

I  c  c*dag.c  v  Iumm  utilise  quatro  niveaux  dans  le  rouge,  huit  niveaux  dans  le  vert  et  huit  dans  le  bleu,  soient  256  attitudes  possibles. 

I  e  diamtftre  du  spot  d’analyse  provoque  un  effet  d’intcrpolafton  entre  pixels  ;  not  re  code  doit  en  tenir  compte  pour  preserver  la 
coherence  de  fanalyse.  Cette  interpolation  sera  utile  par  ailleurs. 


Ill- 1 


4  0  I  R  U  l-  l)U  RELIEF 
4  I  !  Y PK  DIM ACES 

l  c  iv pe  d’miages  que  nous  avons  choisi  est  adapts  au  systeme  de  lecture  des  donnees.  11  s’agit  damages  1  issues  el  ombr^cs.  II  est 
vg.iiement  possible  de  generer  uniquement  les  lignes  tie  cretes  «ohserv£es'>.  C’est  en  fait  les  points  du  terrain  &  la  frontiere  Jes  parties 
Mies  et  v  avhees.  De  memo  on  peut  choisir  de  tracer  des  coupes  de  terrain. 

4  2  COMT.P1  DE  BASE 

Dans  it  i [U i  va  suivre.  nous  supposons  line  vision  hori/ontale.  L’image  perspective  est  construite  sur  un  derail  de  512  lignes  et 
'  [  2  -.olonnev  couv  rant  un  champ  de  l>  deg  res. 

(  I’tisiderons  une  ligne  radiale  traede  sur  le  terrain  (voir  figure  2).  Elle  relie  la  position  de  Fobservateur,  projetde  au  sol,  .1  un  point 
-Hue  a  la  distance  de  vision  maximale.  De  plus,  elle  appartient  au  secteur  S,  projection  au  sol  de  la  pyramide  de  vision.  La  transfor¬ 
mation  perspective  t  transformation  qui  projette  tout  point  du  sol  sur  I’ecran)  de  tout  point  de  cette  radiale  se  trouve  sur  une  colonne  de 
Pe^Tan  (  e  tail,  he  au  systeme  de  balayage  du  lecteur  i  spot  mobile,  sunplifie  grandement  le  processus  de  calcul.  Lc  spot  ddent  les  5 1 2 
r.i.uales  netcssaires  sur  la  banque  de  donnees,  comprises  dans  un  secteur  de  D  degres,  chaque  radiale  servant  d  construire  chaque  colonne 
de  Tehran. 

Modih.  r 

le  Ji.mip  d’obscrvation, 
la  ill  rev  lion  d’ohscivation. 
la  distance  maximale  de  vision, 

revient  d  modifier  umquement  le  balayage  «lu  tube  J 'analyse. 

La  transformation  perspective  ellc-memc,  se  terminc  par  le  calcul  de  la  hauteur  dans  lee  ran  de  chaque  point  tVhantilloimtf  sur  la 
radiale.  C’est  un  simple  calcul  de  tangente  (voir  figure  3). 


44  rRACh DE LI MAGE 
4  4.1  OMBKAGL  I  I  L1SSAGE 

I  ’aspect  final  de  ! ’image  et  la  comprehension  de  la  perspective  depend  de  cette  operation 
4.4.1  1  Ombrage  ivoir  figure  4) 

Nous  disposons  une  source  fictive  de  lumiere  (soled)  qui  eclaire  le  pay  sage  et.  done,  le  rend  intelligible.  On  calculi;  alors  la  luminan¬ 
ce  i  aUribuoi  .i  v  haque  point  ilu  champ  de  vision 

i\»ur  .  e  taire.  on  evalue  le  vecteur  normal  au  point  du  terrain  consnlcre. 

Deux  radiales  successives  sont  necessaires.  sur  lesquelles  <>n  utilise  les  trois  points  A.  U  et  C  (voir  figure  2).  A  cst  le  point  courant. 

I  e  triangle  \B(  constitue  une  facette  dont  I’mclmaison  est  determnu-e  par  le  calcul  de  son  inclmaison  lat^rale  (suivant  AO  et  de  son 
mJtnaison  longitudmale  (suivant  AB). 

<  e  deux  donnees  et  le  vecteur  soled  permettent  le  calcul  de  la  luminance  du  point  A  (produil  sealaire  du  vecteur  normal  la 
t.Ketle  par  le  vcvteiir  soleiil.  en  supposanl  quc  Palbedo  est  constant  dans  la  pyramide  de  vision. 

IN n ii  -.nplilier  le  valvul.  on  pljve  la  source  tie  lumiere  sur  la  verticale  au  point  d’ob.vervution.  l.c  vecteur  soled  en  chaque  point  ob- 
a  i v v”  c  I  .  >intenu  par  le  plan  vcitk.i!  de  la  i.uh.tlc  ass«*ciee. 

Non  r,  *ns  Join  ■.  alv  uler  la  lumui.iricC  tie  la  truitsfotmec  ecian  vie  cluque  point  du  terrain 


l  '  i  .  1  sage  i  voir  ligure  M 

|>’  im-  ndi.de  a  1’auire.  le  hssjge  est  natiirellcment  realise  par  ^’interpolation  du  spot  entre  faceltcs, et  par  !e  fait  quc  I’on  travaille 
,[■  t !.  cent  a  la  definition  ecran  (512  radiales.  5  I  2  eolonnesi. 

I  v-  iis-,.ice  le  long  .I’une  radiale  se  fait  par  interpolation  sur  les  luminances  ca  leu  Ices. 

I  c  rcMjlt.it  •'htenu  est  awe/  proche  dun  lissage  tie  GOl'RAUD  (interpolation  bdineaire  sur  les  luminances  en  chaque  point  d’une 
:  :*d  mais  la  metl.tnie  est  plus  simple  et  parfaitement  adaptec  au  systeme  tie  lecture  du  MERCATOR. 

;  ♦  ..  1  i  IMiWilON  l>l  S  PAH  1‘lfcS  (  ACHEUS 

>>  ntii  .  •  d‘. mages  va  de  paire  avec  parties  caehces.  La  methode  d’elimination  que  nous  avons  cltoisie  utilise,  elle  aussi.  la  particula¬ 
rs.  in  '.'••/in  !e  le  Mire  des  donnees.  Idle  s’effectue  lc  long  d’une  radiale  (soit  une  colonne  ecran).  done  en  serie  avec  les  autres  trai* 


t  e  prm  i:*  ’v -c  est  lc  suivant  :  1  e  balayage  ties  donnees  d’altitude  se  fait  de  Pobservateur  vers  1’horizon.  Soit  li  la  hauteur 
!  ;  }  :\  s.icc  d.ias  l\\ra::  et  d  la  distance  du  point  a  Fobservateur.  I'n  point  la  distance  d!  est  visible  si  et  seuletnent  si  la 
tv,  'ad'  ■  i  c  n  • ;  ,.;n!e  au  voisinaiv  de  dl  ct  si  h(dl)  est  superieure  au  niaximunule  h(d)  pour  d  compris  entre  0  et  dl  : 

h*  f vl ! >  *  0  et  hidl)  >  [  MAXth(d))  I  0  <  it  <  ill  J 

i  vs .  •lu'.itions  v  >rn  tallies  <i  cabler.  1  'utilisation  de  cc  detecteur  de  parties  cachees  rend  possible  le  trace  des  lignes  de  cretes  seules. 


4  4  SCHEMA  GENERAL  (figure  61 

l Hi  reconnait  sur  ce  schema  les  blocs  correspondant  aux  lonctions  decriles  preccdcmmcnl.  Precisons  que  la  lecture  des  donates  est 
analogic] ue.  puis  I’ensemMe  du  traitement  est  numerique  (cable).  On  y  ajoute  un  filtrage  perniettant  de  reduire  le  bruit  de  lecture.  l)e 
plus  un  transeodage  adeqiut  pennet  de  colorer  l’image  finale  en  foiu  lion,  par  cxemple,  de  I'altitudc. 

La  cadence  de  generation  des  images  est  reglee  par  la  Vitesse  de  balayage  du  tube  d ’analyse.  Actuellement.  on  travaille  d  25  images 

par  seconde. 

5.0  AUTKES  1) E V ELOPPEMfcNTS 

Dautres  possihililtS  stmt  offertes  grace  a  la  lecture  a  spot  mobile  du  fichier  altimetrique 

simulation  radar  :  les  donnees  sent  explorees  avec  un  balayage  ximilaire  a  cclui  d’un  radar, 

-  determination  de  zones  d’intervisibilitc  ■  par  determination  des  zones  vues  ou  cachees  a  parrir  de  tout  point, 

cjlcul  d’un  profit  de  terrain  .  le  profil  peut  etre  determine  scion  un  trajet  qucleonque.  11  suffit  que  le  spot  du  tube  d ’analyse  sui- 
ve  ce  trajet. 

0.0  CONCLUSION 

Nous  venons  de  deenre  1’interet  d’un  tel  systeme 

le  blockage  chromatique  des  altitudes  sur  un  film,  utilise  comme  une  m&iioirc  bidimensionnelle, 

acquisition  des  donnees  par  un  lecteur  de  film  a  spot  mobile,  ce  qui  permet  un  calcul  des  images  en  temps  rdel  de  maniere  simple 
et  un  encombrement  faible  do  1’cnsemble, 

Les  tests  d’un  prototype  viennent  de  commencer  et  vont  nous  conduire  a  evaluer  1’enxemMe  du  concept. 

Notre  objeetd  :  un  systeme  operationnel  en  l  WO. 


1  in/)  Schema  none  rule 
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SYNTHETIC  REAL-TIME  RELIEF  DISPLAY 


ALL-WEATHER  AIRBORNE  MISSIONS 


J  N. BO I  ELLA 
THOMSON-CSF 
3 1 ,  rue  C  amille  Desmoulins 
92132  ISSY  LES  MOULINEAUX 
FRANCE 


Within  the  eontext  of  all-weather  airborne  missions,  it  proves  to  be  necessary  to  provide  the  pilot  with  information  on  the  external 
world,  even  and  particularly  when  information  provided  by  radar  or  optronic  sensors  are  failing.  The  development  of  altimetric  digital 
data  banks  induces  THOMSON-CSF  to  examine  the  display  of  synthetic  relief  in  a  cockpit.  The  study  of  various  mass  storages  shows 
that  a  colour  film  has  remarkable  storage  capacities.  Altimetric  data  are  stored  on  a  Film  read  by  the  MERCATOR  reader  (whose  initial 
function  is  to  read  map  images).  3D  synthesis  algorithms  are  used  and  they  are  provided  with  the  exceptional  possibilities  enabled  by 
the  MERCATOR  analysis.  The  philosophy  of  this  study  is  to  show  how  a  unique  product,  the  map  reader  MERCATOR,  designed  to 
display  plane  images,  is  used  to  perform  tridimensional  displays  of  relief. 


1.0  INTRODUCTION 

THOMSON-CSF  General  Avionics  Department,  AVS  division,  manufactures  in  particular  the  AIRBUS  A3 1 0  and  A320  EFIS  ins¬ 
trument  panels.  MIRAGE  2000  and  Atlantic  new  generation  display  units.  Colour  map  readers  ICARE  and  MERCATOR  have  also  been 
developed.  They  display  the  selected  map  on  colour  screen  and  also  various  navigation  and  control  informations.  Next  step  is  to  display 
a  synthetic  perspective.  I  he  system  we  shall  describe  is  directly  stemming  from  the  MERCATOR  system  whose  main  elements,  we  shall 
refer  to  this  later,  are  taken  up.  The  purpose  of  this  system  is  to  build  a  synthetic  landscape.  It  is  Fust  necessary  to  precise  the  function 
we  want  to  give  to  this  image. 


I  I  FUNCTION  OF  A  SYNTHETIC  LANDSCAPE  IMAGE 

It  is  possible  to  use  a  synthetic  real  time  generated  image,  head-up  displayed  in  order  to  complete  the  landscape  with  important 
details  which  are  not  visible  either  for  meteorology  or  light  level  (night-flight)  reasons  or  blanking  caused  by  the  relief.  Thus  are  preser¬ 
ved  the  sight  controls  and  the  pilot  gets  confidence  via  (lie  image  superiniposition  This  is  reasonable  for  symbologies  such  as  artificial 
runway  s  designed  to  guide  the  pilot  and  which  may  he  superimposed  on  the  external  landscape  via  a  head-up  display.  But  the  elemen¬ 
tary  graphics  of  these  'Ohjects»  are  most  of  tlte  time  extremely  simple  (rectangles)  and  the  used  localization  devices  (radiolocalization 
appr>  ich)  are  very  precise. 

It  is  much  more  delicate  to  superimpose  a  synthetic  landscape  built  from  an  altimetric  data  bank  and  from  the  navigation  system 
on  board.  I  he  reason  is  the  fading  confidence  in  the  displayed  informations.  Indeed,  a  minor  error  in  the  aircraft  position,  or  in  one  of 
the  stored  altitude  levels,  may  cause  a  perspective  image  to  be  angularly  different  from  the  real  image,  particularly  what  concerns  the 
near  sight  planes.  I  he  cause  is  the  principle  of  perspective  display  itself  :  the  image  of  an  error  (in  altitude  for  example)  will  be  displayed 
on  the  screen  by  an  error  in  inverse  proportion  to  the  distance  from  the  observer  to  the  point  where  the  error  is  located. 

Finally,  we  should  not  forget  the  error  source  due  to  the  vegetation  cover. 

\)c  thus  presently  think,  that  this  image  type  should  not  be  head-up  displayed.  This  image  type  may  nevertheless  be  of  use  for  the 
aircraft  control  in  low-head  display,  taking  into  account  possible  error  envelope,  particularly  with  the  new  navigation  systems,  whose 
accuracy  is  a  lot  ameliorated  by  automatic  updatings.  This  type  of  image  is  also  very  useful  for  flight  planning.  In  this  purpose,  several 
types  of  images  may  he  proposed  . 

the  observer  is  situated  at  the  aircraft  position,  the  image  field-of-view  is  wide  and  the  sight  direction  may  be  selected.  A  small 
fie'd-ol-view  sight  (zoom)  may  lie  displayed  in  any  direction. 

the  observer  is  situated  at  aircraft  position,  but  to  a  higher  altitude.  In  this  case,  the  landscape  which  the  pilot  has  or  should 
have  under  the  eyes  hut  from  a  higher  position  is  displayed.  The  display  of  the  route  to  be  followed  or  of  ground  target,  is 
easier, 

foregrounds  on  synthetic  landscape  are  suppressed,  hidden  areas  are  then  to  be  seen. 

It  will  be  possible  to  add  other  functions  designed  to  enable  flight  planning. 

All  these  di-  plays  may  he  performed  from  the  present  point  or  for  example  from  a  future  point  corresponding  to  a  mission  critical 

point 


1.2  OTHER  SYMBOLOGIFS 

It  is  not  our  purpose  to  describe  them,  this  was  the  philosophy  of  other  studies  ;  the  particularity  of  our  study  is  different.  Never¬ 
theless  let  us  recall  that  it  is  possible  to  superimpose  on  the  generated  Images,  graphic  figures  displaying  on  3D  dangerous  areas  (enemy 
attack  and  defence  systems,  the  maximum  security  route,  etc...  Let  us  only  precise  that  the  storage  and  access  method  to  the  altimetric 
d  ita  w  Inch  we  shall  expose,  will  enable  an  easier  adjustment  of  these  informations. 


Ill  w 


2.0  MtRC'ATOR 

The  following  15  a  survey  of  the  moving  map  display  leader  system  MIR(  A  I  ( )K  i  see  tigur  I  i  I  he  Ml-  k<  \  If  )R  is  a  Hying  spol 
colour  film  analyzer. 

Hie  film  content  (a  map.  or  more  generally  .any  image  I  is  displayed  on  a  colour  cathode  lay  od'e  l-acli  posit  >n  ol  the  spot  ol 
the  wide  spectrum  range  analyzer  tube  « lightens  >  the  I  dill  point  analyzed  1  lie  corresponding  Ivan  .  rosses  the  tilnr,  rs  Ilian  discomposed 
into  its  3  components  red.  green,  blue,  by  the  trichromatic  separator  I  he  three  photomultiphe  s  ate  the  end  of  the  analysis  system. 
The  main  interest  of  a  flying  spot  film  analysis,  is  that  simple  scanning  modifications  are  peifori  img  rotations  or  zooms  of  the  displayed 
images.  It  is  sufficient  to  operate  a  rotation  or  a  scale  factor  on  the  television  type  scanning  ol  she  analyser  tulv  Hie  only  MI  IH  A  [OK 
mechanical  sub-assembly  slaves  the  film  progress 


J  O  FILM  MEMORY 

J.l  REVELANCE  OF  THE  FILM  MEMORY 

In  the  MER(  A  IOR.  the  film  stores  the  map  under  its  image  lorrn  I  lie  tilrii  pr  ives  to  be  a  rern.irkable  information  storage  device 
as  well  concerning  the  volume/ weight  or  the  capacity  I  refer  to  table  1 1  I  able  I  compares  the  usual  memories  to  a  I  7-m  film  spool. 

Second  important  point  the  film  is  a  hidimensional  memory  Each  point  is  randomly  acces-.il-le  I  l.c  data  are  sequentially  readable 
along  any  line.  Only  requirement  is  that  the  Hying  spot  reader  follows  this  line 

fo  synthetiz.e  a  landscape  enables  the  full  use  this  surface  memory  by  storing  on  the  film,  not  anymore  a  map,  but  altunetric  data. 

I  ABLF  I  MASS  STORAGES  SUMMARY 


Electronic  storages 


Magnetic  bubble  storages 


Magnetic  disks 


Magnetic  tapes 


I  chip  -  I  Mbits 

(thickness  with  support,  estimated  to  10  mm) 
10 Gbits  -  10000  chips  and  I  25  kW  (average) 


1  chip  5"  x  5"  =  4  Mbits  (45  x  15  x  5  mm) 
10  Gluts  •-  2500  chips  and  1 .2  kW  (average) 


I  200-tntn  disk  -  100  Mbits  (non  formatted)  on  2  sides 
10  Gbits  '  1 00  disks 


The  whole  tape  runs  within  at  least  6  minutes  300  khits/inch**2 
lOGbits  =  3000-m  tape  (a  1 5”  spool) 


Militarization  to  be  done 

lOGbits  =  I  300-mm  disk  ( 1 .25  200-mm  disk) 


0.7  Mbits/inch’ *2 

Photo  him 

1  Ob  bits  =  1 7-m  film 

3.2  AL Tl Tl'DE  STORAGE  ON  A  FILM 

We  have  at  our  disposal  numeric  altimetric  files  designed  by  the  IGN  (Institut  Geographique  National).  These  files  are  grid  structu¬ 
red  files,  i.e  the  altitudes  on  relief  are  given  according  to  a  grid  structure  drawn  on  ground.  The  IGN  encodes  the  altitudes  with 

lb  bits. 

We  id nist  the  surface  corrcspondance  between  each  point  ot  the  tiles  and  the  film.  Each  film  pixel  is  printed  so  that  its  pigments 
carry  the  attitude  information  of  the  corresponding  point  in  the  files. 

In  order  to  perform  such  an  operation,  the  altitudes  arc  transcoded  in  a  transparence  table  for  each  colour ;  red  (R).  green  (G), 
Hue  t  lit.  fo  each  altitude  corresponds  thus  a  set  of  three  transparency's  :  R.  (i.  11.  The  film  is  done  so  that  the  triplet  is  to  be  found 
during  analysis  and  so  that  the  altitude  is  obtained  by  decoding. 

I  he  selected  encoding  uses  four  levels  for  red.  eight  levels  for  green  and  eight  levels  for  blue,  256  altitudes  are  thus  possible. 

Il.e  jn  iiy’*:  "p^t  diameter  causes  an  interpolation  effect  between  pixels  ;  our  code  must  take  this  into  account  for  preserving  the 
analysis  .nhereme  I  hi*,  interpolation  also  will  be  used. 
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4.1 


RELIEF  DRAWING 
IMAGE  TYPE 


The  image  type  we  choose,  is  adapted  to  the  data  read  system.  The  images  are  smoothed  and  shadowed.  It  is  also  possible  to 
generate  only  <« observed'*  peak  lines.  Actually  these  are  points  on  the  ground  at  the  limits  of  the  seen  and  hidden  parts.  It  is  also 
possible  to  draw  ground  cross  sections. 


4.2  BASIS  DESIGN 

In  the  following,  we  suppose  an  horizontal  sight.  The  perspective  image  is  built  on  a  screen  composed  of  5 1 2  raws  and  51 2 columns 
covering  a  I)  degrees  field. 

Let  us  consider  a  radial  line  drawn  on  the  ground  (see  figure  2).  It  links  the  observer’s  position  projected  on  ground  to  a  point  lo¬ 
cated  at  the  maximum  sight  distance.  Morever,  the  line  belongs  to  sector  S,  ground  projection  of  the  sight  pyramid.  The  perspective 
transformation  (transformation  which  projects  any  point  of  the  ground  on  the  screen).  Each  point  of  this  radial  line  is  located  on  a 
screen  column  I  his  and  the  scanning  system  of  the  reader  Hying  spot,  enables  an  easier  computing  procedure.  The  spot  describes  the 
5 1  2  radial  lines  required  in  the  film  data  base,  included  within  a  D  degrees  sector,  each  radial  line  being  used  to  build  each  column 
of  the  screen. 

To  modify  : 

observing  field, 
observation  direction, 
maximum  sight  distance, 

means  to  modify  only  the  analyser  tube  scanning. 

I  he  perspective  transformation  itself  ends  with  the  computation  of  the  height  on  screen  of  each  point  calibrated  on  the  radial  line. 
It  is  a  simple  tangent  computation  (ref.  to  figure  3). 
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4.3  IMAGE  DRAWING 

4.3.1  SHADOWING  AND  SMOOTHING 

The  image  final  aspect  and  perspective  understanding  depends  on  this  operation. 


4  3.1.1  Shadowing  (see  figure  4) 

We  assume  a  light  source  (sun)  which  illuminates  the  landscape  and  thus  let  it  become  understandable.  The  luminance  value  to  be 
given  to  each  point  of  the  field  of  view  is  then  computed. 

Therefore,  the  normal  vector  at  the  considered  point  of  the  ground  is  evaluated. 

Two  successive  radial  lines  are  required,  on  which  3  points  A,  B  and  C  are  used  (see  figure  2).  A  is  the  current  point.  The  triangle 
ABC  builds  a  facet  whose  inclination  is  determined  by  the  computation  of  its  lateral  inclination  (according  to  AC)  and  its  longitudinal 
inclination  (according  to  AB). 

I  hoc  data  and  the  sun  vector  both  enable  the  computation  of  point  A  (scalar  product  of  the  normal  vector  to  the  breakage  by  the 
>un  vector),  supposing  that  the  albedo  in  the  sight  pyramid  is  constant. 

In  order  to  simplify  the  computation,  the  light  source  is  set  vertically  at  the  observation  point.  The  sun  vector  at  each  observed 
point  is  contained  in  the  vertical  plane  of  the  associated  radial  line. 

We  are  thus  able  to  compute  the  luminance  of  the  screen  transform  at  each  point  of  the  ground. 


4  3  1.2  Smoothing  (see  figure  5) 

From  one  radial  line  to  the  other,  smoothing  is  performed  naturally  by  interpolation  of  the  spot  between  facets,  and  by  direct 
working  on  the  screen  definition  (512  radial  lines,  5 1 2  columns). 

Smoothing  along  a  radial  line  is  performed  by  interpolation  of  the  computed  luminances. 

I  lie  obtained  result  is  rather  close  to  a  GOURAUD  smoothing  (bilinear  interpolation  on  luminances  at  each  point  of  a  facet)  but 
the  procedure  is  easier  and  perfectly  adapted  to  the  reading  system  of  the  MERCATOR. 


4  3  2  HIDDEN  PAR  I  S  DEI  HCI  ION 

Image  synthesis  is  associated  to  hidden  parts.  The  selected  detection  method  uses  also  the  particularity  of  the  data  read  system. 

It  is  performed  along  a  radial  line  (it  is  a  screen  column),  thus  being  in  a  serial  position  with  other  processings. 

The  basis  principle  is  the  following  :  altitude  data  scanning  is  performed  from  the  observer  in  horizon  direction.  If  h  is  the  height 
ot  a  landscape  point  on  the  screen,  and  d  the  distance  from  the  point  to  the  observer.  A  point  located  at  a  distance  dl  is  to  be  seen 
or.!>  if  the  function  h(d)  increases  in  the  proximity  of  dl  and  if  h(dl)  is  superior  to  the  maximum  of  h(d)  for  d  included  within 

U.irnl  .11  i 

h’ldH  0  and  hull)  >  |  MAX  (HUH)  I  0  <  d  <  dl  ] 
l  !u*se  conditions  are  easy  to  wire  The  use  of  this  hidden  parts  reader  enables  the  drawing  of  the  peak  lines  alone. 


4.4  GENERAL  DIAGRAM  (figure  ft) 

The  blocks  corresponding  to  the  above  described  functions  are  given  in  this  diagram.  Let  us  precise  that  the  data  read  is  analogue, 
the  whole  processing  is  then  digital  (wired).  The  read  noise  is  reduced  by  filtering,  furthermore  an  adapted  transcoding  enables  to  colour 
the  final  image,  according  to  the  altitude  for  example. 

The  images  generation  rate  is  adjusted  by  the  analysis  tube  scanning  speed.  Present  speed  is  :  25  images/second. 

5  0  OTHER  GROWTH  CAPABILITIES 

t  he  Hying  spot  read  of  altimetric  files  provides  other  capabilities, 
radar  simulation  .  the  data  are  scanned  via  a  scanning  similar  to  a  radar  scanning, 
detection  of  intervisibility  areas  :  the  areas  seen  or  hidden  are  determined  from  any  point, 

computation  of  relief  profile  :  the  profile  can  be  computed  according  to  any  selected  path.  Sufficient  condition  is  that  the  ana- 
Iv  sis  tube  spot  is  following  this  path. 

r>.()  CONCLUSION 

1  he  above  described  advantages  of  the  system  are  the  following  : 
chromatic  storage  of  altitudes  on  a  film  used  as  a  bidimensional  memory, 

data  acquisition  via  a  Hying  spot  film  reader  enabling  an  easy  image  computation  in  real  time,  and  small  overall  dimensions  of 
the  assembly. 

l  ests  on  a  prototype  have  just  begun  and  will  enable  u  to  evaluate  the  whole  design. 

( >ur  purpose  a  system  operating  in  I  *>90. 
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Till'  WIDE  FIELD  HFI.MFT  MOUNTED  DISPLAY 
by 

Joseph  I.aRussa 

Farrand  Optical  Company,  Inc. 

117  Wall  Street 
Valhalla,  N.Y.  10595 


SUMMARY 

The  Farrand  Optical  Company,  Inc.  has  been  instrumental  in  developing  a  very  wide 
ciold  of  view  Helmet  Mounted  Display.  This  display  provides  the  pilot  with  an  instanta¬ 
neous  field  of  view  of  60°  vertically  and  135°  horizontally.  The  central  field  of  view 
consists  of  an  overlap  field  of  25°  within  which  full  stereopsis  is  available.  It  would 
appear  that  a  new  design  which  the  Farrand  Optical  Company,  Inc.  is  now  in  the  process  of 
design ing  for  Aerospace  Medical  Research  Laboratory  ( AMRL)  would  be  applicable  for  night 
all  weather  operations  where  such  data  as  flight  path  control,  computed  weapon  projector- 
ios,  synthetic  outside  world  views,  expected  and  '’'-.expected  threats  and  automatic  terrain 
following  paths  would  be  displayed. 

It  is  not  the  intent  of  this  paper  to  discuss  the  application  .of  helmet  mounted  dis¬ 
plays  (HMD's)  to  flight  operations  or  to  interactive  virtual  cockpit  display  systems.  For 
an  introduction  to  such  possibilities  we  would  refer  you  to  an  article  published  by  Avia¬ 
tion  Week  and  Space  Technology. ^  The  article  was  based  on  discussions  with  Dr.  Thomas  A. 
Furness,  Chief  of  the  Visual  Display  Systems  Branch  of  the  Aerospace  Medical  Research  Lab¬ 
oratory  (AMRL)  at  Wright  Patterson  Air  Force  Base.  AMRL  also  provided  the  published  illus¬ 
trations. 

This  paper  then,  deals  with  the  parameters  that  must  be  considered  in  designing  a  wide 
field  helmet  mounted  display.  Briefly,  these  parameters  are  size,  weight  and  balance  on 
the  head,  brightness  of  the  display  and  see-through  ability  of  the  display.  The  discussion 
assumes  the  use  of  a  one  inch,  high  brightness,  hiqh  resolution  CRT  input  already  developed 
and  operational  although  other  formats  which  may  be  beneficial  to  the  optical  design  are 
currently  under  development. 

The  Wide  Field  HMD  was  in  fact,  originally  conceived  as  a  simulation  device.  The 
Aerospace  Medical  Research  Laboratory  (AMRL)  first  contracted  with  Farrand  to  build  a 
Visually  Coupled  Airborne  Systems  Simulator  (VCASS)  for  engineering  studies.  The  design 
was  begun  in  1978  and  the  first  VCASS  was  delivered  in  1981.  This  device  utilized  minia¬ 
ture  CRT's  on  the  helmet  as  image  inputs.  Meanwhile,  Canadian  Aviation  Electronics  (CAE) 
ur.d  Farrand  were  successful  in  selling  a  variation  of  the  same  optical  design  to  the  Air 
Force  Human  Resource  Laboratory  (AFHRL)  as  a  high  resolution,  full  color,  helmet  mounted 
display  for  simulation.  This  unit  was  labelled  FOHMD  for  Fiber  Optic  Helmet  Mounted  Dis¬ 
play  because  the  input  generated  remotely  is  conveyed  to  the  input  focal  plane  of  the  hel¬ 
met  display  by  fiber  optic  ropes.5 

.he  system  was  delivered  to  AFHRL  in  January  of  1983.  A  comparison  of  the  two  sys¬ 
tems  follows: 

VCASS  (AMRL)  FOHMD  (AFHRL) 

Tnst.i:  tar.eous  135*11  x  BCV  to  120°H  x  80°V  135°H  x  80°V  to  120°II  x  80°V 

••.eld  -f  "iov 

unlimited  unlimited 

Fu-1  !  >f  View 

Interpupi 1 ] ary  58  to  72mm  58  to  72mm 

’  ti  ? 

v,'r  25°  to  40°  25°  to  40° 

.LV*‘-7::r  u-rh  9%  X  B.T.*  9  %  X  B.T  * 

st:*  v 

high  brightness,  high  res.  hiqh  brightness,  full  color 

1"  (19mm  r  ,t)  monochrome  Light  Valve  by  GE  Via  Fiber 

CRT  opt.  ic  Ropes 

..  i I a  .  **TB  X  .01  X  .  5  30  Ft . -Lamberts  minimum 


1 .  r>  arc  minutes  per  TV  lino 
in  High  Resolution  inset 
field  12  arc  minutes  per 
rv  line  in  surround 


6  arc  minutes 


*  BT  -  Be.imspli  tor  Transm  i  «;s  i  on 
**TP  -  Tube  Brightness 


VCASS  ( AMRL)  F011MD  (AFHRL) 


Kxit  pupil  dia. 

15mm 

15mm 

Eye  relief 

39mm 

39mm 

Weight  (less  helmet) 

N.  A. 

N.  A. 

The  AFIIRI.  desiqn  for  simulation  utilizes  fiber  optic  ropes  to  relay  the  images  from 
the  GF  color  T ight  Valves  to  the  HMD  and  as  such  the  simulator  version  enjoys  full  color 
and  usinci  two  light  valves  per  eye  (one  for  the  inset  area  of  interest  and  the  other  for 
the  surround)  a  very  high  resolution  image  is  achieved.  The  breadboard  version  at  AFHRL 
is  shown  in  Figure  1.  Here  one  clearly  sees  the  two  fiber  optic  bundles  for  each  eye, 
one  serving  the  hiqh  resolution  inset  field  and  the  other  feeding  the  surround  field.  The 
mechanical  helmet  pick-off  is  also  visible.  The  new  or  prototype  model  to  be  delivered 
to  AFHRI.  in  August  1985  will  employ  an  LED  array  on  the  helmet  to  sense  head  position  and 
only  one  fiber  optic  cable  for  each  eye.  The  outputs  of  two  GE  Light  Valves  per  eye  will 
be  combined  in  the  one  cable  which  also  employs  multiplexing  to  eliminate  the  visibility 
of  both  the  fiber  structure  and  minor  fiber  breaks  and  to  improve  the  resolution.  A  view 
of  this  prototype  is"  shown  in  Figure  2.  The  Farrand  Optical  Company  has  also  developed  a 
method  of  insertinci  up  to  two  targets  in  the  display  for  air  to  air  combat. 

An  evolution  of  the  AMRL  prototype  for  use  aboard  aircraft  or  other  vehicles  might 
look  like  the  assembly  shown  in  Figure  3.  Note  that  one  CRT  per  eye  is  used.  We  are  pres¬ 
ently  limited  to  a  monochrome  display  because  of  the  available  CRT,  however  the  use  of 
CRT's  makes  the  HMD  adaptable  to  on  board  use.  With  currently  a-'ailable  tubes  one  can  ex¬ 
pect  a  resolution  of  six  arc  minutes  over  an  80  degree  field  for  each  ocular.  The  apparent 
brightness  of  the  display  would  be  approximately  30  Ft . -Lamberts ,  adequate  for  night  opera- 
1 1  oils . 

The  advantages  of  a  wide  instantaneous  field  of  view  with  binocular  overlap  upon  pi¬ 
lot  performance  in  target  detection,  motion  detection  and  tracking  were  justified  in  be- 
havorial  studies  performed  with  the  AFHRL  syst.em.^'^  Because  of  the  excellence  of  per¬ 
formance  of  the  optical  systems,  stereopsis  could  be  provided  in  the  overlap  area  if  the 
left  and  right  images  are  generated  from  two  eyepoints.  This  would  be  very  useful  in 
terrain  following  operations. 

Before  wo  describe  the  latest  advances  in  the  design  of  HMDs  and  the  problems  yet 
to  be  overcome,  it  would  be  appropriate  to  review  the  advantages  and  disadvantages  of 
methods  available  to  achieve  wide  instantaneous  fields  of  view.  An  excellent  primer 
'  if  helmet  mounted  display  design  considerations  exists  in  reference  4. 

A  helmet  mounted  display  must  project  the  view  to  optical  infinity  in  order  to  elim¬ 
inate  focus  problems  with  respect  to  the  background.  Refractive  optical  systems  may  be 
employed,  however  they  must  be  bent  away  from  the  observer's  line  of  sight  if  he  is  to  see 
through  the  display  (see  Figure  4). 

Because  of  this  requirement,  the  instantaneous  field  of  view  of  such  a  design  is  lim¬ 
ited  since  this  field  is  defined  by  the  angle  subtended  at  the  eye  by  the  closest  optical 
element.  Additionally,  to  produce  a  large  field  of  view  with  a  small  diameter  CRT  re¬ 
quires  a  very  fast  optical  system  that  translates  into  many  elements  and  a  heavy  weight. 

A  reflective  system  is  orly  slightly  better  since  the  flat  beamsplitter  limits  the  eye 
relief  available  and  increasing  this  eye  relief  reduces  the  field  of  view  since  the  spher¬ 
ical  beamsplitter  must  be  moved  further  away  from  the  eye  (see  Figure  5). 

A  unique  optical  system  patented  by  Farrand  overcomes  all  of  these  problems  at  the  ex- 
:  vise  of  see-through  ability.  This  system  has  been  named  the  Pancake  Windows.  It  is  a 
re!  leu*,  ive  system  that  utilizes  polaroids,  quarter-wave  plates  and  beamsplitters  to  achieve 
vry  wide  instantaneous  fields  of  view  (80'’  plus),  and  when  applied  to  helmet  mounted  dis- 
:  lays  provides  very  long  eye  relief  (39  mm)  and  very  light  weight  (20  oz .  per  ocular). 

1  i  sure  f-  illustrates  its  application  to  helmet  mounted  displays. 

When  usinc  a  spherical  mirror  as  a  collimator  the  focal  plane  is  at  half  the  mirror 
rad  ius  ''Figure  ** )  . 

No*'-'  that  the  input  image  is  rela*ively  small  for  the  field  of  view  obtained,  a  de- 
i  led  a  leant  ago  in  terms  of  being  able  to  nr..-  a  small  CRT.  If  the  spherical  mirror  were 
-ii"  'F.tr  a  !  "arspl  i  *  t  or  and  a  plane  beansa  1  i  •  t  et  were  added,  the  configuration  would  look 

'  :  k '  i-  l  g-  it',-  8  . 

H'  '  'he  relief  is  yry  larre,  but  locating  a  focal  surface  as  shown  would  pre- 

■■  ■*  ‘hi  1  s't-'T  from  w  in*  ‘ho  b.ickgi wind  through  tin*  display.  In  order  to  get  the 

a !  -  :a:,  •  -  p  , ,  f  the  way,  us.*  i . ado  of  ,,  flat  beamsplitter  and  a  relay  Ions.  The  flat 

•  U' v  :  .  ‘  for  ‘  >’  Is  *  he  CRT  mb  r  •]  ,y  l"ns  .  u*  r  r  f  he  observer’s  line  o'  sight  and  the  re- 

1  -  •  ’  ■  ■  -  -t  :  an  a.  i  i  a  ’  o  ii*  ■  *  •  1  ! ■  a  ►  j  on  of  *  be  r.  ca  1  surface  (Figure  9 )  . 

a  >1  is  for?"!  a<  t  Is  •  eye  and  it  must  be  large 
>'■  h  t  ween  the  o|  use  i  ve  r  '  s  head  and  the  helmet 


p  i *  i -r. t 1  fo.it  ure"  of  *  ho  Pancake  Window  the  o)  mirver  would  see  not  only 
'*"1  *  infinity  tut  he  would  also  see  *  he  CRT  inane  directly.  The 
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:a:.car-.i-  Kir.. low  accomplishes  the  rejection  of  the  direct  input  view  as  follows,  (Refer 
t  o  F 1 eut  e  10): 

Tll'ir-i nation  from  an  image  point  passes  through  the  first  polaroid  from  left  to 
right  an-!  is  polarized  alonq  a  vertical  axis.  This  polarized  liciht  passes  through  the 
sober ica 1  mirror  beamsplitter  unaffected,  but  the  plane  of  polarization  is  rotated  45 
■n  pass i nc  throuqh  the  quarter-wave  plate.  Passing  through  the  plane  beamsplitter  does 
not" affect  the  rotated  plane  of  polarization  but  in  goinq  throuqh  the  second  quarter-wave 
plate  the  plane  of  polarization  is  rotated  another  45°  so  that  the  total  rotation  is  90° 
and  : he  direct  view  illumination  is  blocked  from  reaching  the  observer  by  the  last  polar- 
old.  Tf  we  now  consider  that  portion  of  the  light  that  was  reflected  back  to  the  left  by 
the  plane  benmspl i tter ,  we  see  that  its  plane  of  polarization  is  rotated  another  45°  for 
a  total  rotation  of  90°.  This  illumination  strikes  the  spherical  mirror  beamsplitter  on 
the  concave  side  so  that  it  is  collimated  and  re-directed  towards  the  observer.  Now  pass¬ 
ing  through  both  quarter-wave  plates,  the  collimated  illumination  is  rotated  another  90° 
for  a  total  rotation  of  180°  which  allows  it  to  pass  through  the  last  polaroid  to  the  ob- 
server.  The  drawback  here  for  see-through  ability  is  that  the  total  transmission  is  on 
the  order  of  9.  multiplied  by  the  front  beamsplitter  transmission,  or  somewhat  like  a  pair 
of  lark  sunglasses.  Note  that  the  first  polaroid  of  the  Pancake  Window"  is  not  in  the 
so,  -through  path.  This  low  transmission  may  not  be  important  for  night  operations,  how- 
«•■■(  r,  under  conditions  of  dusk  we  would  like  better  transmission.  We  have  embarked  on 
t  different,  approaches  utilizing  holographic  techniques  which  promise  to  improve  the 
see- »  trough  ability  to  50  percent  transmission. 

While  the  Pancake  Window-  provided  us  with  the  wide  I-’OV,  the  see-through  and  the  long 
eye  relief  capabilities,  another  Farrand  patent  on  the  overlapping  monoculars  principle, 
made  possible  even  wider  horizontal  fields  of  view.  By  rotatinq  the  optical  centerlines 
of  the  two  1 -mbs  outward  so  that  only  the  right  portion  of  the  left  eye  field  of  view  and 
the  t  portion  of  the  right  eye  field  of  view  overlap,  we  increase  the  total  horizontal 
field  of  view  while  maintaining  an  overlap  region  in  the  same  manner  that  the  human  visual 
Jiyste::  functions.  Figure  11  illustrates  the  overlapping  principle.  Again  we  note  that 
because  of  the  excellence  of  the  optical  design,  significant  off-axis  angles  can  be  used 
a.-  a  ventral  field  providing  binocular  vision  with  the  possibility  of  stcroopsis,  should 
one  wish  to  generate  stereo  input  pairs. 

From  an  optical  design  point  of  view,  the  remaining  areas  of  desired  improvement  are 
larger  exit  pupils,  better  see-through  ability  and  lighter  weight  optics.  Our  latest  de¬ 
signs  for  AM R I.  provide  for  21  mm  diameter  exit  pupils  with  the  same  wide  fields  of  view, 
better  see-through  ability  and  liqhter  weight  of  optical  elements  will  be  achieved  with 
holographic  Pancake  Windows",  which  we  have  manufactured  in  the  past.  Expected  see-through 
will  approach  30i  while  retaining  a  transmission  of  one  percent  for  the  input  CRT  image. 
Fuch  a  device  would  also  increase  the  contrast  between  the  CRT  image  and  the  outside  world 
because  a  reflective  hologram  reflects  almost  all  of  the  impinqing  CRT  illumination  over 
a  narrow  bandwidth  while  preventing  transmission  of  almost  all  of  the  background  illumin¬ 
ation  :n  that  same  narrow  wavelength  band.  Ideally,  the  only  optical  element  required 
would  be  holographic  and  on  the  visor  itself,  fed  by  CRT’s  and  relay  systems.  Such  a 
dosian  would  eliminate  a  great  deal  of  the  frontal  weight  while  providing  better  than  95% 
transmission  for  see-through  ability  and  while  reflecting  and  collimating  over  95%  of  the 
'PT  illumination  for  the  observer.  This  type  of  system  has  been  manufactured,  but  the  in- 
!  iv i dual  fields  of  view  are  relatively  small  (on  the  order  of  40").  Larger  fields  of  view 
are  not  practical  at  present  because  of  wavelength  shifts  in  the  reflected  images  due  to 
the  increasing  ancles  of  incidence  across  the  field  of  the  image  illumination  on  the  holo- 
<  i  r ,  i  t  . 


In  t he  interim  between  currently  applicable  technology  and  the  holographic  visor,  all 
a*'  the  necessary  ingredients  for  niqht  operations  exist  and  have  been  demonstrated  with 

wide  field  of  view  helmet  mounted  displays  employing  Pancake  Windows®.  In  addition, 
the  very  important  feature  of  stereopsis  can  be  readily  implemented.  Next  we  must  address 
ourselves  to  the  physiognomical  requirements  which  will  dictate  the  optical  arrangement 
within  the  helmet.  Here  we  are  concerned  with  obtaining  a  weight  balance  on  the  observ¬ 
er’s  head  to  relieve  strain  and  to  provide  comfort  for  long  periods  of  use.  Also,  the 
opto-r.cchan.ical  arrangement  must  not  interfere  with  peripheral  vision  and  there  must  be 
provided  three  adjustments  to  suit  all  individuals.  These  adjustments  consist  of  inter- 
pupillary  adjustment,  longitudinal  adjustment  and  vertical  adjustment.  An  example  of 
such  a  design  is  shown  in  Fiqure  12. 

It  sh  ild  b»*  noted  that  the  helmet  design  lends  itself  to  a  completely  sealed  unit 
w : f  h  sufficient  internal  volume  for  oxygen,  earphones  and  microphone. 

i.isLly,  '“'nc  is  faced  with  selecting  a  helmet  pick-off  device  which  is  used  to  orient 
t  hi  :-re  ;eet  fd  scene  with  respect  to  the  observer’s  line  of  sight  using  the  vehicle  axes  as 
the  reference.  There  exist  several  such  devices,  the  best  known  is  probably  the  Polhemus 
magnet.  .  c  pick-off  which  utilizes  a  magnetic  radiator  on  the  helmet  and  magnetic  field 
sensors  j round  the  observer.  Most  other  devices  employ  infrared  radiators  usually  ar- 
ru !;•:«:  1  in  a  f  at  tern  on  the  helmet  and  infrared  detectors  surrounding  the  observer. 

Fxc’*f  *  fo:  the  omission  of  eye-t: rackers  or  oculomctors  which  may  be  employed  for  re¬ 
mote  /  ntroi  purooia*:;,  w<*  believe  the  foregoing  represents  the  current  state-of-the-art  in 
wide  field  h*»lne*.  mounted  displays. 


References 


Aviation  Week  and  Space  Technology,  January  14,  1985,  "Virtual  Cockpit's  Panoram¬ 
ic  Displays  Afford  Advanced  Mission  Capabilities.” 

Hanson,  C.  and  Longridqe,  T.  -  Fiber  Optic  Helmet  Mounted  Display  for  Full  Visual 
Fliqht  Simulation,  SID  1984  Digest  8.2. 

Kruk,  R.  and  Longridqe,  T.  -  Binocular  Overlap  In  a  Fiber  Optic  Helmet  Mounted 

Display. 

11.  I.ee  Task,  D.F.  Kocian,  James  11.  Brindle  -  "Helmet  Mounted  Displays;  Design 
Consider at i ons . " 

Welch,  B.  and  Shenker,  M.  -  The  Fiber  Optic  Helmet  Mounted  Display  1984  Image 
Conference  III,  AFHRL. 


It -7 


PLANE  BEAMSPLITTER 


figure  ') 

'ANOAKK  WINDOW-  SYSTEM 


FOCAL  SURFACE 


POLAROID  HO.l 

SPHERICAL  BEANSPUTIIR 

—  bipefringent  package 


PftMfAKF  HINDOK 


COLLIMATED 


FIGURE  10 

STATES  OF  POLARIZATION 
WITHIN  THE  PANCAKE  WINDOW® 


—  OVERLAP  ANGLe 


9* Divergence  angle  of  opt'Cal  centf-runes 

Jg,  trDWIDU*.  OPTICAL  FOV  fOR  THE  OCULARS 
TOTAL  HOWEOMTAL  FOV  “  ZJ3  ~  9 


ETG'.'Pr  11 

■  API  v:  ■  r:\. rptwipl}: 


FIGURE  12 

CURRENT  HMD  TECHNOLOGY 
(LIFT  ST DM  OPTICAL  SYSTFM  SHOWN) 


A  Sol ld-3tate  Map  Display  for  Rapid  Response  Operation 

A' it!) or  I)  J  Howell  -  Manager  Aircraft  8,  Missile  Systems, 
T  K  Crayford  -  Chief  Development  Engineer, 

Guidance  Systems  Division 
GEC  Avionics  Ltd., 

Airport  Works 

Rochester.  Kent.  ME1  2XX 


SUMMARY 

GEC  Avionics  have  developed  a  means  to  provide  pilots  with  a  presentation  of  a 
moving  colour  map  display  on  a  standard  colour  CRT.  It  uses  solid-state  techniques  and 
derives  the  display  from  a  digital  database.  This  paper  describes  the  design  criteria 
used  in  the  development  of  the  system  and  then  presents  an  overview  of  the  system 
operation.  finally  the  paper  dlscusi-.es  one  of  the  many  ways  In  which  the  system  as  a 
whole  may  be  used  in  operation. 


1.  INTRODUCTION 

Since  the  earliest  days  of  aviation,  accurate  navigation  with  the  aid  of  maps  or 
charts  has  been  of  prime  Importance  to  aviators.  The  use  of  paper  charts  within  the 
limited  confines  of  the  cockpit  area  continues  to  date,  due  to  the  combination  of  the 
inherent  -in  re  1 1  a b 1 1 1 1 y  and  inflexibility  of  existing  methods  of  automatic  map 
presentation  to  the  pilot. 

Present  day  cockpit  map  displays  generally  employ  optically  projected  film  based 
systems  with  a  mechanically  complex  film  transport  mechanism.  It  Is  this  electro- 
r.i-i- h  >.ti ca  1  film  transport  system  which  Is  prejudicial  to  reliability,  and  the 
preparation  of  the  film  for  the  area  coverage  required  in  a  long  process  which  implies 
inflexibility  In  an  operational  scenario. 

A  number  of  organisations  -  Including  GEC  Avionics  -  have  been  Investigating  the 
feasibility  of  fully  digital  map  display  systems  In  which  the  map  Image  Is  generated 
dynamically  from  a  digital  database.  The  topographical  features  In  this  solution  are 
characterised  Individually.  Such  systems  will  offer  great,  flexibility  lri  the  display 
produced  but  will  require  a  processing  capability  which  would  create  an  excessively 
expensive  solution  for  airborne  applications.  However,  at  present,  the  full  digital 
da'. a  base  Is  not  yet  available  and  even  when  it  is  could  still  have  operational 
res l r  ic  t  Ions  . 

This  paper  describes  a  map  display  solution  which  avoids  the  pitfalls  of  preceding 
types  and  is  especially  suitable  for  rapid  response  operations.  The  Input  data  for  the 
system  Is  created  by  digitally  encoding  standard  operational  Tactical  Pilotage  Charts  or 
Indeed  any  '-Ictorlal'  data  pertinent  to  a  particular  mission.  The  airborne  equipment 
In  this  solution  Is  comfortably  within  the  bounds  of  current  processing  technology  and 
Is  fully  solid  state.  The  digital  map  database  can  be  prepared  rapidly  using  portable 
and  relatively  inexpensive  equipment. 

In  addition  to  describing  the  methods  used  In  the  preparation  and  manipulation  of 
the  data,  the  paper  discusses  how  the  system  can  be  Integrated  with  other  systems  and 
sens irs  to  display  Information  to  the  aircrew  In  relation  to  mission  objectives  and 
threat  avoidance. 

The  equipment  discussed  Is  currently  undergoing  flight  tests  In  a  Royal  Aircraft 
Establishment  Wessex  helicopter  and  further  testing  In  the  fast  Jet  environment  Is 
I  lanned  for  later  this  year. 

"he  digital  topographical  map  display  system  is  thus  close  to  obviating  the  need 
fir  navigational  paper  charts  being  used  in  the  cockpit  at  times  other  than  those  caused 
by  :;y ten  failure,  a  situation  which  will  always  exist  In  a  simplex  system. 


,1 .  1  "TlH’i  CPHoIDKRATIOHS 

2.1  G  or.- raj. 

?!.*•  GEC  Avionics  digital  colour  map  development  eonnoneed  In  195*3,  the  aim:  of 
th  '  ;  iwi'  tn::-.-  w»rc  to  : 

o  prove  the  real  tine  manipulation  of  digital  map  data,  l.e.  scrolling  and 

rotating  the  displayed  Image  at  rates  compatible  with  fixed  and  rotary  wing 
a  1 rc raft , 

o  create-  a  digitising  facility,  using  available  commercial  equipment,  wh  h 
would  provide  the  map  database  In  pixel  form  from  paper  charts. 


These  air::;  were  achieved  with  1  ah  oratory  bench  demons!.  rat  1  ons  Iri  February  1  ^  8  h  and 
;  •-rit.-ti  t  of  flight  trials  In  a  Royal  Aircraft  Katahl  lahm-nt  Wessex  helicopter  In 
.  ;  '...nli.r  1  ?8« .  Three  months  of  successful  flight  trials  have  accrued  together  with 

•  lustrations  to  potential  customers. 

•JK'l  's  drive  to  develop  a  new  form  of  map  display  stemmed  from  Its  experience  In 
eirlier  electro-mechanical,  optically  projected  film  based  maps  used  In  the  British 
oyal  Air  Force  Jaguar  strike  aircraft.  To  meet  Its  low  level  role,  a  number  of 
Idltlonal  operational  and  display  features  were  Included  to  facilitate  accurate  track 
eeplng,  steering  to  waypoints,  and  track  recovery  after  diversion.  Such  features  have 
el  pel  to  reduce  pilot  workload  In  this  high  stress  environment.  The  value  of  the  map 
yet on  has  been  conclusively  demonstrated  by  the  experience  of  more  than  500,000  flying 
eirs  accumulated  with  the  equipment.  This  experience  has  also  highlighted  the 
~,pr  > ■.••.•merits  to  be  gained  from  an  electronic  multifunction  display  of  map  data. 

.  .  fata  storage  Medium 

r  ur  stu  Ill’s  of  a  colour  nap  reader  have  considered  a  number  of  alternative 

•  ■!.'.  L •  i ■  i •• :;  which  can  be  grouped  as: 

analogue  -  In  general  using  optical  film  to  store  the  map  database  and 
deriving  'he  colour  video  signal  via,  for  example  a  vldicon  or  a  flying  spot 

scanner . 

•  llgltal  -  using  a  digital  database  and  thus  being  directly  compatible  with 

digital  proe ess  1 ng. 

ague  solutions  were  quickly  rejected  as  they  suffered  from  the  criticisms 

•  ■•.'•  t  a*,  previous  solutions  including  the  loss  of  display  continuity  during  frame 

V:  •,  the  north. 'south  direction  and  scale  changing.  To  these  must  be  added  such 

:•  l  1  ■•:•..■•  maintaining  spot  slze/pos  1 1  Ion  In  a  vibrating  environment  and  film 

p*  1!  I  1  Ity  to  temperature  and  humidity. 

With  the  available  alternatives  In  bulk  digital  storage  media  and  the  rapid  growth 
f  ry  iensl'.y  achievable,  a  digital  solution  was  clearly  favoured.  Four  alternative 

'dli  were  ■oust  I e  r  o  i  in  detail;  two  of  these  were  magnetic  tape  systems  and  two  were 

•  •' •  I  •••:.!  .  "  o',  ".lie  evaluation  of  these  media  clearly  showed  that  superior  operational 
ftd  •  •••  I 1 1  c  :.ei:"f  1 1  :•>  .accrue  from  using  semiconductor  memory  rather  than  magnetic  tape. 

aur.e  >f  'he  wl  lespfead  and  rapidly  expanding  use  of  non-volatile  semiconductor  memory 
ii  :  ':  •■  "apt  t  level  apnent  In  this  area  to  date,  this  technology  virtually  guarantees  a 

•  r ii.  -cease  In  .-.a pa  •.  '  ».y  and  speed  coincident  with  a  reduction  In  cost  per  bit  of 


■tic  tare  medium  provides  a  large  data  storage  capability, 
low  price,  its  environmental  performance  Is  limited  by  the 
r  such  part::  as  the  head  drum  assembly  In  helical  scan 
If.  Kernel  l, a  sealing  of  the  cassette  package,  were  It 
he  tares,  lower  operating  temperature  but  high  operating 
I'ed.  Ii  was  considered  that  a  heater  would  be  necessary 
i* Ion  which  would  otherwise  rapidly  degrade  the  tape  by 
maintenance  of  the  recorder  would  also  he  necessary  to 
ci  the  heals,  with  the  associated  problem  of  reduced  signal 
Implied  low  reliability  and  increased  life  cycle  costs 
sol  at  Ion. 


i”'!  !•'  I  'ha'  *  he  OKU  Avionics  Colour  Hap  System  would  use  paper  chart  as 
•'  i  soar  It  then  became  necessary  to  develop  a  low  cost  mechanisation  for 
hit".;  Into  fixed  data  for  storage.  To  support  the  ln-servlce  operation  of 
air  rift,  It  Is  -anticipated  that  there  will  he  a  requirement  for  at 
•  f  ground  facility: 

ir-  end  ."tatloii  -  typically  Government  Agency  controlled  and 
• .  I  1 ,  providing  the  main  digital  database  library  for  use  by  local 

•;ro  iri  I  ."a' Ions  -  these  would  h<-  available  at  squadron  level  or  forward 
: .  •■  '■  m  1  ■•  ntr  a  1 1  "d  by  opera".  I  nn.al  personnel.  These  loe.al  facilities 
:  •'!  I <■  •':'•  scans  of  entering  mission  planning  or  rcconna  1  sance  data  as 

ay  ••  I  !••’  :r!mnry  lata  without  Invalidating,  the  primary  data. 

''  '■•••:■  c.a  i'  I  -a  I  ’htl’ts  dlgltlsei  by  the  above  equipment,  are  shown  in  Fig. 

'  f:  ereasl  rig  doom  c’-'.urly  r.h  <wr.  the  fixed  structure  of  the  digitised 

'•  1 "  ' "  >r  ••!'  still  presents  a  useable  Image.  Fig.  7  and  8  show  the 

pr  •'-•:  ml  by  our  latest.  I  Ig  l  M  sat  Ion  developments  and  clearly  demonstrate 
V  •  . . . . .  ler  Images. 
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3  Part  of  the  Same  Area  Displayed  at  Zoom  Kao  to 


1 2  o 


Part  of  the  Same  Area  Displayed  at  Zoom  Factor  5-0 


Part  of  the  ,"iric  Area  Displayed  at  Zoom  Factor  9.0 


In  a  rtil  It  Ion  to  the  generation  of  pixel  data  for  Input  to  the  digital  map  system, 
the  ground  station  Is  capable  of  converting  vector  type  databases  such  aa  PACE  or  DLMS 
■^toa  fixed  format,  thus  the  services  equiped  with  the  GEC  Avionics  map  will  have  the 
flexibility  of  utilising  either  database  without  modification  of  the  airborne  equipment. 


3.  THE  DIGITAL  MAP  SYSTEM 

The  Digital  Map  System  outputs  a  composite  colour  video  map  image  together  with 
overlaid  navigation  symbology.  It  transmits  this  image  as  discrete  Red,  Green  and  Blue 
colour  and  monochromatic  video  signals  or  as  either  .  AL  or  NTSC  format  for  display  on 
.Multipurpose  Display  (MPD)  Units.  These  composite  video  Images  are  generated  from  self 
contained  mass  semiconductor  non-volatile  memory  within  the  map  system.  Data  In  this 
memory  Is  accessed  and  then  further  processed  to  provide  correct  orientation,  scale  and 
positioned  according  to  the  aircraft  navigation  Information  received.  This  processing 
task  Is  performed  In  accordance  with  navigation  and  mode  data  transmitted  to  the  map 
system  via  the  aircrafts  multiplexed  data  bus  system  from  the  Mission  Computer,  or  from 
previously  loaded  mission  data  stored  within  the  map  system.  The  overlaid  navigation 
symbology  Is  Internally  generated  within  the  map  system  in  response  to  the  saue 
navigation  and  mode  data  received  over  the  bus.  The  digital  memory  is  derived  from 
r  1  the :■  digitised  paper  charts  or  from  DLMS  level  1  or  2  data.  Both  types  of  database  are 
pro processed  and  loaded  Into  mass  memory  prior  to  flight  by  the  purpose  built  ground 
support  station.  In  addition  to  the  composite  map  Image  the  system  can  display 
mission  'Intelligence  data  as  an  overlay  whicli  is,  capable  of  being  decluttered  from  the 
display  during  use.  This  m iss lon/ln tel 1 igence  data  Is  also  loaded  from  the  ground 
support  station. 

'll."  nap  system  essentially  comprises  two  sections,  the  memory,  and  the  map 
computer  which  Interfaces  the  display  computer  as  shown  in  Pig.  9. 

I _ 

I  DIGITAL 

1  MEMORY  UNIT 

I _ 

I 

l_  _  _  _  _  _ 


[ - 1 

I  EXTRA  DMU  | 
j  (FUTURE)  j 


Fig.  9  Map  Computer  Interface 

s  currently  configured  the  basic  map  memory  can  retain  approximately  ?0  square 
;  t;  >r  ■•inrt  plus,  256  kbytes  of  non-volatile  memory  available  for  mission  and 
I lata  overlay.  As  a  convenient  means  of  Indexing  the  map,  each  sheet  is 

•  ■  !  In  snail  squares  or  tiles.  Further  nori-volatlle  memory  Is  provided  for 
.  'or.piter  Initialisation,  BIT  and  mission  computer  to  nap  message  storage.  The 
;  ;•••?  :;ts  3  spare  Input  port  to  Interface  a  further  hulk  store  memory  unit  should 
•.  1 area  "average  !>e  required.  The  map  computer  acts  as  an  interface  to  the 

*  : vat-Tis  In  accordance  with  the  messages  received  over  the  data  bus.  These 
r  lat  1  ar-  processed  In  real  time  to  fulfil  such  functions  as: 

•V-  ..utp  it  of  pre-loidcd  aircraft  Initialisation  data  to  the  mission  computer. 

1  f.e  u-  out  of  video  signals  to  displays,  this  would  Inc lude  map  data  overlaid 
W.  •  •.  mi. -..'Ton  Intel  1  Igence  at. a  self  generated  navigation  symbology. 

'  ■  ■■  a-  ;  g.  ,f  video  signals  of  'pictorial'  data. 

M messages  relating  to  map  system  performance. 


Ib08 


The  operation  of  the  map  system  is  depleted  In  Fig.  10.  Aircraft  present  position 
•md  vallng  Is  received  by  the  CPU  from  the  mux  bu3  Interface  together  with  operating 
..,  ,1..  ani  nap  scale  data.  The  CPU  runs  through  Its  directory  of  map  areas  of  the 
appropriate  scale  and  Identifies  the  map  data  to  be  displayed.  From  Information  within 
-  < '.rectory  It  calculates  the  individual  map  tiles  to  be  extracted  from  the  mass 
nonorv  to  provide  the  appropriate  display.  These  map  tile  numbers  are  transmitted 
singly  to  the  memory  to  extract  map  data  in  a  predetermined  manner.  The  specific  data 
memory  location  address  is  determined  from  the  card  number  and  nap  tile  numbers. 


The  data  store  card  is  then  read  sequentially  at  the  data  content  location  for 
that  particular  tile.  The  first  locations  give: 


a  I  the  total  number  of  bytes  to  be  read  to  provide  the  complete  tile  data. 


lb:  the  total  number  of  bits  of  data  which  should  be  received  by  the  map  scene 
memory  for  that  tile  when  it  has  been  processed.  This  is  known  as  tile 
sun-check  data. 


Data  (a)  Is  used  to  control  the  read  of  the  data  store  and  (b)  is  the  initial  data 
transmitted  to  the  nap  computer  to  provide  a  BIT  tile  sum-check.  The  data  is  read  as 
wo: is  of  compressed  pictorial  or  compressed  pseudo  DLMS  data  and  continuously 
transmitted  to  the  map  computer  until  the  data  store  read  is  complete. 


RGB  COLOR 

MONOCHROME 


Fig.  10  Map  System  Block  Diagram 

The  compressed  tile  data  is  first  error  checked,  corrected  if  necessary  and  then 
s :  ■:  i  ie  i  Into  eight  bit  bytes.  This  ser-es  two  Important  functions:- 

1'-  to  permit  the  occasional  writing  error  in  the  mass  data  store  eliminating  the 
necessity  of  perfectly  programming  Megabytes  of  store  data. 

!  1  ;  to  detect  and  correct  any  data  transmission  error  between  the  ncmory  and 
computer  should  these  functions  he  contained  In  physically  separate  units. 

The  eight  bit  bytes  of  compressed  map  data  are  then  unpacked  by  decompression 
clrcutry  and  loaded  Into  a  tile  store  of  128  x  128  x  4  bits  for  pictorial  data,  or 
reconfigured  automatically  under  CPU  control  to  a  64  x  64  x  16  bit  tile  store  for  DLMS 
data.  As  this  tile  store  Is  loaded,  the  decompressed  data  Is  sum-checked  and  on 
completion,  compared  with  the  sum-checked  data  word  received  at  the  start  of  the  tile 
data  block. 

There  arc  two  such  tile  stores,  one  being  loaded  with  new  tile  data  from  the 
memory,  while  the  other  Is  read  Into  the  appropriate  scene  memory  bit  planes.  Finch  tile 
t  lock  of  data  Is  read  into  the  scene  memory  until  64  such  blocks  are  loaded  and  the 
"  'or, e  memory  Is  ready  for  use.  Adlresslng  circuitry  extracts  the  specific  data, 
!'■'  i  1  1  1  y  in  !  Is  pi  ay  usage,  correctly  orientates  and  magnifies  the  linage  data  before 
■  i-iug  if.  the  display  memory.  The  display  store  is  read  at  display  frame  rate  and  th<> 
in  1  Ivl  lu.tl  Ms  play  pixels  of  coded  data  are  passed  In  sequence  through  a  colour  palette 
ieooie  lo  )k-up  table  where  they  are  assigned  digital  valu  s  for  each  of  the  j  colour 
guns  of  the  video  output.  Tnls  look-up  table  Is  capable  of  ■  irlatlon  In  Its  selection 
arid  decode  to  provide  a  readily  configurable  selection  of  palettes  suitahlo  for  day  and 
r.iphr.  jperatlon.  A  final  digital  to  analogue  conversion  and  video  output  drive  stage 
!  rs vi  !-s  the  appropriate  ROB  video  output  signals  to  the  display  computer. 


As  h  natural  extension  to  the  philosophy  of  digitising  standard  aeronautical  paper 
charts.  It  follows  that  'pictorial'  or  other  forms  of  Intelligence  related  data  can  be 
rapidly  prepared  prior  to  a  mission.  This  data  comes  In  the  following  forms: 

o  That  which  already  exists  as  digital  data  such  as  JTIDS,  Land sat.  and 

Intelligence  data  transmitted  from  headquarters  via  a  digital  link  to  forward 
posit  Ions . 

o  Any  pictorial  data  such  as  reconnalsance  photographs,  marked  up  charts,  sketch 
or  data  which  can  be  overdrawn  on  the  primary  database  by  a  local  operator. 

The  facility  to  overdraw  exists  within  the  capability  of  the  local  ground 
station  via  the  use  ')f  a  bit  pad  or  light  pen.  This  data  is  then  digitised 
and  fornatted  via  the  normal  process.  Information  prepared  in  this  way  has 
the  correct  spaclal  relationship  to  the  main  map. 

Iri  addition  to  the  Intelligence  data  which  moves  coherently  with  the  map  display 
an  additional  symbol  generator  Is  provided  which  gives  the  necessary  alphanumeric  and 
graphics  symbology  which  Is  overlaid  as  a  fixed  format  above  the  moving  map  display. 
This  data  will  typically  provlie  the  crew  with  the  necessary  navigational  data  to  assist 
In  interpreting  the  map  display.  Such  symbology  will  Include  aircraft  track,  present 
position  symbol  and  Indications  of  speed,  heading,  and  map  scale  together  with 
appropriate  range  markers. 

The  symbol  generator  uses  a  dedicated  CPU  (INTK1,  8088)  and  a  graphics  display 
con' roller  (INTKI,  82720).  This  converts  inode  Instructions  received  over  the  mux  bus  , 
Into  a  form  that  enables  the  generation  of  the  graphics  symbology  detailed  above  Into  a 
raster  scan  format,  which  Is  then  mixed  with  the  map  data  video  format,  to  give  a 
composite  video  display. 

Tvnlcal  Intel  1  Igence/misslon  and  navigational  overlays  are  shown  In  Fig.  11,  12 

and  13. 


A  HOSTILE  THREAT  AIRCRAFT 

“Jr  OWN  AIRCRAFT 

A,  OPTIONAL  COLOUR  CODED 
*7i  AIRCRAFT 

a  RED  -  ENEMY 
b  YELLOW  -  UNKNOWN 
c  GREEN  -  FRIENDLY 
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HOSTILE  AIRCRAFT 
UNKNOWN  AIRCRAFT 
FRIENDLY  AIRCRAFT 


11  Typical  JTIDS  Symhology 
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Fig.  U>  7y p 1  -a  1  Track  'ip  Gynbology  Pig.  13  Typical  North  Up  Symbology 

3.5  A rs.aa_  ' o v < -rag'- 

r. i  a r i  1  >n  the  previously  stated  70  square  ft  of  chart  coverage,  It  Is  first 
necessary  to  Identify  the  physical  construction  of  the  map  memory  system.  At  present 
trie  deslgnel  KPHOM  hyhrl  1  -tri  nodule  contains  3  Mbytes  of  compressed  map  data  as  a 
single  i;u|i  1  Inyr  •  1  i —  u  1  t  Nun- |.  '"his  equates  to  13-5  square  ft  of  paper  chart  or  in 

i . r - ■  pracMoai  '  •ms,  four  '  n  fir.!  11:5  service  250,000:1  J00  sheets  (Joint  Operations 

iraphlcs  air'  .  1'he  sy  1  •  •••nf  1  gured  to  contain  eight  such  cards,  of  which  at 

present  ,  ''Ive  are  ntl;  !•.'•!  ••.laatlnr  to  67.5  square  feet  of  chart.  However,  as 
previous  iy  st. •<*•••!  ,  wit1;  the  r  ipt  t  '  ,v  i-ivane  Ing  memory  technology,  this  coverage  should 
expant  to  Mbyte.-,  ’»  sheets)  or  a  total  future  system  capability  of  up 

t  O  «•)•)  s  :ua""  feet  .  ,•  '■  :  '•'•  ’ .  . 

;>  r  l  •••  •  w  •  '.•■  ten ,  as  presently  configured,  would  be  organised 

-iip  (a*  i  •  '  ;  ••••;•  •  a  ■i!:.l  •  r  i  ,  a  typical  scenario  has  been  selected  to  show  a  1 

a  er  -r*  !••  it-,  jti  !  •  le- .  :  1  he!  King  range  with  a  strike  attack  in  the  Tollcha 


Trie  -t.-s 1  i:  peen  uverl.iM  on  •  he  500,000:1  Tactical  Pilotage  Chart  (TPC)  which 
;  let... ;  y  .  e  e th-  N  ills  Range  area.  Actually  some  17-5  in  x  18.75  in  of 

tap  .•overage  Is  require!  l.e.  3.3  square  feet  of  chart.  However,  in  this  case 
■■•■ile"”  :.;ri  :t  t  lule  13. 1  s.j  ft.)  total  1  ing  the  whole  of  the  relevant  TPC  chart  (G~ 
1 s  a  licit!  s  e  i  . 


In  uilltlnn,  the  area  ctverago  of  the  mission  would  also  be  covered  at  250,00:1 
J  i  A  Ip.’',  series  charts  le  10  sq  ft.  In  tills  case  a  single  card  module  would  be 
iev.it.  •;  t  .'.hi  sheet:'  NJ  11-8,  N.J  11-9,  NJ  11-11  and  NJ  11-12  which  conpletly  covers 
this  A  f  trl  her  store  car!  nodule  woul  1  be  devoted  to  the  general  1,000,000:1  low 

i  '  •  !  *  i  :«*  •:  Inn  16  nm.'in  chart  which  gives  beacons,  VOH  bearings  etc.  covering  an 

!  —  -i  if  •*.  •  n:t  x  l  it1  nn  Inclusive  of  Nellis  Air  Force  Paso  l.e.  5  sq  ft.  If  in  transit 
•  s  two  such  a  I J. went  charts  could  be  Included  in  one  module  giving  a  total 

■  -e  r.n  x  12 ‘if  nn  >>r  600  x  625  nm .  This-  would  result  In  three  store  card 

••  ft  ted. 

' i  1 1  i  nap  of  '.he  Initial  Point  (IP)  to  target  (Tgt)  is  required  then  a 

'  s'  :i  Iti’e  card  containing  NM  series  Topographical  Map  scale  62,500:1  (  19 

'.in  i'"  series  )  Nevada  sheet  name  Tol  Iclia  Peak  can  be  carried.  Thus  a  maximum  of  A  pre- 
1  'il.-!  :  ;  :  i M  sar  is,  could  be  directly  drawn  from  store:;  for  this  typical  mission  whllch 
-  .  1  "i-  !•••  than  adequately  :ovcr  the  mission  and  Its  surrounding  environs.  With  the 

:  1  ''I  :1  ivodu  1  e  fitted  to  the  Ground  station,  the  necessary  nlsslon  overlay  data  could 

1  •  s ; i  11  1  y  loaded  Into  one  fit  ted  EKPHOM  card.  Assuming  that  an  absolute  maximum  of  1 
!n  If  of  the  total  500,000:  1  map  tiles  are  affected  then  a  total  of  208  intelligence 
•'..•a-,  are  loaded  i.e.  some  41  kbytes.  Thus  excluding  planning  time  tlfe  unit  could  be 
:'!•'■•!  witii  the  appropriate  store  modules  and  one  F.KPROM  loaded  with  mission  overlay 
f; '  i  Ir.  approximately  2  minutes. 


'■!•  :’R."  T1 '  NAI.  USE  OF  THE  MAP  SYSTEM 


I:. •■sc  are  many  possible  ways  of  using  the  nap  system  In  operation.  This  section 
!'s.".  s-’s  f...t  orb  if  the  pot-ntial  imp!  enentat  Ions . 

preparation  of  aircraft  data!  ares  from  paper  charts  is  a  multi -phase  process. 
:'  .  ••  inset  leal  charts  are  digitised  at  a  'entral  ectabl  lshment  and  distributed  to 

c!a'.  •*  at  I  ■>;.«.  Here  local  Intel  1  !  genre  lata  are  continual!  y  added  and  updated  in 

:1a  *'■  r  *  next  phase.  This  final  process  adds  data  which  1  r>  specific  to  the 

;  i:"  1  tr  mission  waypoint.::  for  example)  and  ensures  that  the  assembled  database  Is 
:  ' •  •  1  '  r .  ‘  the  aircraft  database  nodule.  These  processes  are  described  In  more  de'  ail 


•4 .  1  Jhart  Digitisation 

The  digitisation  of  the  paper  charts  Is  a  two  stage  process.  The  first  of  these 
'.s  the  generation  of  large,  potentially  global,  areas  of  map  database.  This  Is  carried 
out  at  a  limited  number  of  Main  Ground  Stations  (  MG L )  which  are  controlled  by  a 
government  agency  such  as  the  Mapping  and  Charting  Establishment  (UK)  or  the  Defense 
Mapping  Agency  (US).  The  charts  are  digitised  using  a  flying  spot  scanner  or  other 
suitable  digitising  equipment.  These  are  then  processed  Into  a  contiguous  whole  In  the 
correct  format  for  the  map  system  by  an  Integral  inlnl-malnf rame  computer.  Map  data  of 
areas  of  Interest  are  then  distributed  to  Local  Ground  Stations  (LGS)  by  telemetry  or  on 
magnetic  discs  or  tapes  etc. 

These  Local  Ground  Stations,  which  are  operated  at  squadron  or  unit  level,  extract 
the  map  data  required  for  any  particular  mission  from  its  database.  It  is  Important  to 
note  that  the  database  held  by  the  LGS  covers  areas  likely  to  be  of  local  interest.  Any 
further  map  data  required  by  the  station  can  be  obtained  from  the  MGS  at  short  notice. 


4.2 


Aircraft  Database  Preparation 


The  preparation  of  the  database  for  a  particular  mission  is  carried  out  In  a 
similar  fashion  to  the  preparation  of  conventional  paper  charts.  The  database  module  In 
; on de 1  with  carls  which  contain  the  equivalent  of  sixty  (60)  square  feet  of  paper  chart. 
These  curls  arc  designed  so  that,  once  programmed,  they  may  be  placed  anywhere  In  the 
database  module.  Each  memory  card  could,  therefore,  be  programmed  with,  say,  a 
representation  of  an  existing  paper  map  sheet.  Thus  If  the  cards  Installed  In  the 
database  nodule  do  not  cover  the  total  area  of  a  mission  the  appropriate  cards  may  be 
drawn  from  stores  and  fitted  to  the  unit. 


The  LGS  has  the  capability  of  of  entering  alphanumeric  and  graphical  symbology 
ito  ih-  database.  This  may  be  considered  a  two  stage  task.  First  the  war  situation, 
i'Tcilng  rapidly  changing  intelligence  data,  Is  entered.  This  data  might  be  entered 
,!■ 1a 1 ly  by  the  Station  Intelligence  Office  or,  possibly,  automatically  from  an 
g-’tiee  gathering  system  such  as  Wavell.  In  practice  this  would  probably  be  a 
•  i: t.  Inning  process  and  would  have  little  Impact  on  the  time  to  prepare  the  database  for 
rt ! "  i :  ar  mission.  The  LGS  stores  all  of  the  Intelligence  data  relevant  to  it:; 
•ci tre  of  operations.  In  preparing  the  database  for  a  mission  the  operator  defines  the 
•d  required.  The  LGS  then  extracts  the  Intelligence  data  pertinent  to  this  area  and 
ores  It  in  non-volatile  memory  together  with  a  directory  of  contents. 


Finally  mission  specific  data  -  such  as  planned  track,  waypoints.  Initial  points 
-  are  added.  The  area  of  operations  is  displayed  on  a  TV  screen  and  the  symbology 
red  using  keyboard,  light  pen,  bit  pad  or  "mouse"  as  required.  This  is  loaded  into 
iatabane  module  as  an  extra  level  of  overlay.  Once  again  It  is  possible  to  automate 
process  to  some  extent.  The  operator  could,  for  example,  enter  waypoints  and  allow 
■  e-.puier  to  calculate  the  best  track  for  radar  avoidance.  Other  criteria  for  the 
calculations  could  be  substituted  as  required. 


flnee  the  data  required  to  be  loaded  using  this  process  Is  small  -  typically 
.iking  two  or  three  minutes  to  load  Into  the  memory  -  the  preparation  of  an  aircraft 
ibHS"  need  take  no  longer  than  the  preparation  of  a  conventional  paper  nap  for  a 
in.  Also  once  prepared  for  a  single  aircraft  this  can  be  duplicated  merely  by 
;  ii.ng  other  database  modules  In  parallel. 


A  further  alternative  here  is  that,  since  the  Intelligence  and  mission  specific 
•  ire  held  In  electrically  erasible  read  only  memories,  they  may  be  programmed  to  the 
name  time  but  with  the  unit  In  situ  on  the  aircraft  thus  saving  the  time 
I  ■;'••■•!  ‘-,1  r-’.-iove  and  rc-install  the  unit. 


i“  possible  disadvantage  of  this  method  is  the  potentially  large  spares 
■  ••n‘  for  the  basic  map  data.  Each  map  sheet  that  the  station  Is  ever  likely  to 
d  he  programmed  and  kept  In  storey  In  as  many  copies  as  might  be  required.  This 
VTeone  at  the  expense  of  the  time  needed  to  load  the  database.  In  this  second 
‘  •  nt  carls  taken  from  the  database  nodule  to  be  used  are  first  erased  and 
a  I  with  the  new  nap  data.  The  time  penalty  -  approximately  one  hour  -may  he 
!  by  ill  owl  rig  the  operator  to  enter  the  mission  specific  data  into  the  system 
•  ■  :  v  •  nap  .tnd  Intelligence  data  are  being  loaded. 


nations  the  sixty  square  feet  of  map  coverage  carried  by  the  unit  are 
■  :  >  •at-r  for  the  needs  of  aLl  the  missions  that  a  station's  aircraft 
•rt  ike  without  changing  the  basic  man  lata.  Tt  Is,  therefore,  expected 
""■•M  ‘  a:-  reprogramming  of  the  map  data  as  described  above  will  be 

■  is:  ris  undertaken  in  unusual  areas  or  If  the  battle  cone  has  moved 
i  ‘he  squadron  to  move  It's  base  of  operations. 


of  latahase  prep.arat  Ion  only  the  actions  of  Intelligence  and 
ry  normal’.;;  require  manual  Intervention.  Once  the  operator  has 
area  of  cover  the  leading  and  checking  of  the  database  lr 
Liar  w!  1  l  be  prompted  1;  cards  need  to  be  chanced  or  erased  or  If 


I  o;i  1  *."j  the  database  module  Is  Installed  on  the  aircraft  either  as  a  plug-in 
cartridge  to  the  map  or  as  a  completely  separate  unit.  On  switch-on  the  processor  in 
the  nap  system  scans  the  directories  of  the  store  cards  in  the  database  module  and 
constructs  a  table  of  where  the  various  data  are  contained  together  with  the  area 
covered  by  each  nap  scale  in  the  database.  Thus  no  operator  Interaction  is  required  in 
the  aircraft  to  initialise  the  map  system.  It  is  this,  together  with  the  extremely 
powerful  overlay  facility,  that  gives  the  digital  map  system  the  flexibility  and  rapid 
response  to  operational  demands  that  a  traditional  electro-optic  map  system  cannot 
achieve. 


4 .  H  Possible  F.nhancenonts 

The  basic  philosophy  outlined  so  far  may  be  enhanced  in  many  ways.  Two  such 
developments  recently  examined  serve  to  illustrate  the  point: 

1  Use  in  Aircraft  Carriers 

Hy  the  addition  of  a  simple  digitising  equipment  to  the  LGS ,  perhaps  a  TV  camera 
and  X,  Y  table,  the  system  Is  capable  of  digitising  single  map  sheets  and 
processing  them  Into  database  format  In  two  or  three  days.  This  obviously 
enhances  the  performance  of  a  carrier-borne  squadron  which  Is  dependent  on 
communications  with  land  and  allows  entirely  autonomous  action  provided  the  basic 
paper  maps  are  available. 

2  use  at  Forward  Positions 

The  I,  if.  is  capable  of  preparing  a  complete  database.  At  the  forward  post  this  Is 
unnecessary.  All  that  Is  required  here  is  the  ability  to  update  the  intelligence 
and  mission  data  segments  of  the  database.  A  subset  of  the  LOS  Including  only  the 
graphics  processing  and  store  loading  facilities  fulfils  tills  function. 


MUCI.1JT  [ON 

The  IFC  Avionics  map  system,  then,  provides  a  very  flexible  solution  to  the 
r rui;  >■:.  of  providing  the  pilot  with  a  moving  map  display.  The  expensive  components  of 
••.ip  database  production  are  few  in  number  and  located  at  central  agencies.  The 
•in  *  abases  for  Individual  aircraft  are  prepared  on-slte  using  the  latest  available 
intelligence  lata  and  Includes  mission  specific  data  overlays.  When  installed  on  the 
aircraft  the  pilot  is  presented  with  a  moving  map  display  capable  of  continuous 
scrolling  in  all  axes  over  the  entire  database,  virtually  Instantaneous  change  of 
presented  map  scale  and  a  number  of  selectable  and  removable  overlays.  The  preparation 
Of  the  map  display,  Including  the  mission  planning,  is  all  carried  out  prior  to  the 
Plight.  The  aircrew  are  only  left  with  the  tasks  of  data  management  and  interpretation 
which  considerably  eases  their  cockpit  workload.  The  system  thus  provides  one  of  the 
.vs*,  powerful  moving  map  display  systems  available  today. 


APPLICATIONS  OF  DIGITAL  TERRAIN  DATA  IN  FLIGHT  OPERATIONS 
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SLMMAHY 

With  the  availability  of  a  world-wide  digital  terrain  data  base  becoming  a  reality,  it 
is  now  possible  to  carry  and  display  on  a  tactical  aircraft  all  of  the  map  information 
needed  for  a  mission.  Along  with  the  map  display  on  a  color  cathode-ray  tube  (CRT), 
current  targets  and  ...ission-specif ic  data  can  be  shown.  The  limitations  of  today's 
commonly  used  film  readers  are  eliminated  by  using  a  digital  data  base  which  contains 
elevation  information;  one  such  data  base  is  the  U.S.  Defense  Mapping  Agency's  Digital 
band  Mass  System  (DI.MS).  The  terrain  data  can  be  digitally  compressed  and  efficiently 
stored  so  that  large  area  coverages  may  be  achieved.  With  this  information  readily 
available,  aircratt  mission  effectiveness  and  survivability  can  be  enhanced.  The  system 
developed  by  Harris  Corporation  for  accomplishing  this  task  is  called  a  Digital  Map 
Genera  lor  (DUG).  The  DMG  architecture  encompasses  data  storage,  data  access  and  recon- 
st ruction,  data  display  processing,  and  data  formatting  for  use  by  other  aircraft  sub¬ 
systems.  The  Harris  Corporation  has  developed  a  DMG  architecture  for  application  in 
low-level  or  nap-of-the-earth  tactical  missions,  as  well  as  long  range  strategic  missions. 
Mission  capabilities  are  enhanced  by  using  this  new  DMG  to  support  terrain  following/ 
Terrain  avoidance  (TF/TA),  autonomous  navigation,  threat  avoidance,  and  weapons  delivery. 
In  addition,  the  same  digital  processing  approach  is  usable  for  pre-flight  mission 
planning.  The  ability  to  plan  a  flight  using  the  actual  mission  data  base  gives  the 
pilot  t he  ability  to  see  exactly  where  he  will  be  at  all  times  and  to  determine  safe 
rrniors  for  entry  and  departure,  making  maximum  use  of  terrain  shielding.  Similarly, 
the  terrain  data  may  be  used  for  reference  during  post-mission  debriefing,  in  which 
the  pilot  can  refer  to  in-flight  annotations  made  through  the  DMG  subsystem. 

: '  l  G.L1' A.L  MAP  SYSTEMS:  A  SYSTEMATIC  APPROACH 

In  order  to  exploit  the  availability  of  a  terrain  data  base,  the  full  spectrum  of  ciata 
handling  and  display  must  be  addressed  in  a  systematic  way.  For  instance,  there  would 
be  no  bene l  it  in  attempting  to  develop  a  digital  map  system  for  aircraft  operations 
il  ’In-  size,  weighL,  and  power  were  not  consistent  with  modern  tactical  aircraft  limita¬ 
tions.  Likewise,  it  would  be  useless  to  develop  a  flyablo  system  without  some  flexibility 
and  growth  potential;  and  it  would  be  pointless  to  have  a  system  architecture  which 
requires  excessive  effort  in  preparation  of  the  data  base.  It  is  necessary,  therefore, 
ti  tie  together  all  of  the  aspects  of  the  problem  and  address  them  interactively.  The 
key  considerations  in  a  decision  to  employ  digital  mapping  techniques  are  as  follows: 

•  Availability  of  source  data. 

•  Methodology  for  data  preparation  for  aircraft  use. 

•  A i re ra f t  mission  requirements. 

•  Complexity  of  the  on-board  equipment. 

•  Aircraft  compatibility  in  terms  of  available  volume,  power  and  subsystems 
inter  faces . 

•  Mission  enhancement  and  survivability  improvement  gained  from  use  of  a  digital 
map  system. 

•  Flexibility  for  future  growth. 

Availability  ol  source  data  from  agencies  such  as  the  Defense  Mapping  Agency  (DMA)  is  a 
reality.  Tile  id. Mb  data  files  already  exist  for  approximately  HO  million  square  miles 
of  the  earth's  terrain.  Limited  geographic  digital  data  bases  also  have  been  created 
by  the  governments  of  other  countries,  such  as  the  United  Kingdom,  for  specifically 
defined  areas  of  coverage.  The  DMA  continues  to  expand,  update,  and  improve  the  accuracy 
ot  its  digital  data  base.  Studies  at  Harris  Corporation  and  at  other  locations  have 
indicated  that  the  accuracy  and  availability  of  the  source  data  are  adequate  for  use  in 
tactical  aircraft  operations. 

Where  .,ource  data  do  not  exist,  several  approaches  may  be  taken  to  obtain  digital  terrain 
data.  of  these,  the  following  are  the  most  practical: 

•  Request  through  formal  channels  to  the  Defense  Mapping  Agency  or  similar  government 

igeticy  . 

•  of  paper  maps  through  simple  two-dimensional  digitization. 

•  Manual  generation  of  an  alternate  three-dimensional  data  base  (i.e.,  a  data  base 

a l t h  elevation  parameters  in  addition  to  the  pictorial  information  normally  shown 
on  a  paper  map). 

Hip:  1  turnaround  ot  data  would  normally  dictate  against  the  first  alternative  except 
in  the  c:i  ot  high  national  priority.  The  second  and  third  alternatives,  however,  are 
v  :i.  trie;-.  1 1  v  feasible  in  a  digital  map  system.  Simple  color  scanning  and  digitizing  of  any 
pa,  "i-  trap  will  produce  a  data  base  capable  of  being  used  by  equipment  like  the  Harris  DMG. 
V.iau.s  gen- ■  ra  t  i  jn ,  aided  by  appropriate  computer  software,  is  also  possible  through  use 
d  :•  a  p- 1  rac  i  r.g  leohniques.  In  tracing  a  paper  map,  the  contour  lines  are  identified  and 
''ili  we..|  by  'he  tracer,  which  provides  an  input  to  a  host  processor  that  converts  the  data 
to  a  Id.M.'- i  i  Ic  format.  Thus  it  is  possible.  Using  readily  available  techniques,  to  pre- 
par-  a  digi'a!  data  base  in  a  fairly  short  period  of  time,  using  any  available  paper  maps 
...  Mi.  ource.  In  a  similar  fashion,  any  other  two-dimensional  or  pictorial  source  (such 
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as  r.Tuiin;ii:.f.:irK’u  photographs)  can  be  digitized  for  entry  into  the  (lata  base* .  The  entire 
source  data  base  may  be  manipulated  digitally  to  adapt  to  the  needs  of  using  equipment. 

A  data  manipulation  and  preparation  methodology  must  be  developed  to  allow  useful  applica¬ 
tion  el  tie-  source  information.  The  original  source  data  (such  as  I1LMS  data)  is  normally 
provided  ill  a  format  which  separates  the  terrain  elevation  information  from  the  cultural 
information,  and  because  of  this  separation  it  is  easier  to  compress  the  data.  The  process 
of  compression  is  needed  because  the  volume  and  format  of  the  source  data  are  too  great  for 
practical  use  in  their  original  form.  The  compression  technology  must  be  selected  on  the 
oasis  of  available  cost-effective  digital  storage  techniques.  The  complexity  of  data 
compression  and  reconstruction,  which  directly  affects  the  on-board  system  complexity, 
must  also  be  considered.  When  all  these  factors  are  taken  into  account,  a  data  compression 
concept  can  be  selected. 

Obviously,  aircraft  mission  requirements  will  dictate  the  need  for  certain  functions  in  a 
digital  map  system.  It  is  taken  for  granted  that  a  color  display  of  the  actual  map  scene 
is  a  necessity;  still,  the  matters  of  display  scale,  color  selection,  terrain  shape  de¬ 
piction,  cultural  feature  illustration,  and  similar  issues  must  all  be  addressed.  The 
availability  of  color  CRT’s  with  adequate  brightness  for  daylight  readability  is  also 
an  issue,  but  for  night  missions  there  is  no  problem.  Recent  CRT  developments  show  a 
potential  for  daylight  readable  displays  to  be  available  within  the  next  two  years  in 
production  quantities.  Other  requirements  besides  the  display  will  have  a  bearing  on 
the  system  design;  these  include  the  entire  family  of  uses  which  other  avionics  subsystems 
nav  find  for  the  terrain  data  once  it  is  available.  Terrain  fol 1  owing/ terrain  avoidance 
(Tr/TA)  and  general  low  altitude  navigation  are  certainly  the  most  predominant;  but  others 
include  use  of  the  terrain  elevation  information  for  anticipation  of  turning  maneuvers, 
.shielding  from  hostile  weapons  or  radar  detection,  and  support  of  weapon  delivery  calcu¬ 
lation.,.  All  ol  these  will  be  discussed  in  more  detail  in  following  sections  of  this 
paper.  It  suit  ices  to  say  at  this  point  that  the  digital  map  may  be  considered  as  a 
is*  avionic  sensor,  and  that  it  opens  up  a  broader  range  of  mission  uses  and  applica- 
l  intis. 

Another  raa.ior  !  actor  in  the  evolution  of  a  practical  digital  map  system  is  the  complexity 
of  the  on-hoard  equipment  needed  for  the  digital  map  function.  On  the  assumption  that 
11 1  !  i  I  ■me  t  i  on  color  display  heads  are  coining  into  common  use  in  most  modern  aircraft, 
t  l.o  display  itsell  is  not  considered  to  be  a  part  of  an  airborne  digital  map  system. 

Tin  j ...  i- 1  to  be  considered  are  those  elements  which  store  and  process  the  digital  terrain 

file  I'll-  display  or  other  uses.  Design  tradeoffs  for  the  airborne  equipment  must  take 
into  account  the  basic  display  function  while  retaining  the  flexibility  for  providing 
lata  : o  other  aircraft  subsystems.  Consideration  must  be  given  to  whether  the  data 
huh!  be  partially  or  completely  pre-processed  before  being  shipped  out  to  the  other  on- 
la  .nr  1  ii.-ing  subsystems.  Data  rates,  processing  flexibility,  and  adaptation  to  existing 
■  |iii|  :r,et;;  mu  s  1  ill  be  evaluated.  The  ultimate  decision  on  a  system  design  concept  citn- 
ia.pl;,  address  the  added  digital  map  equipment;  it  must  also  consider  any  additions 
•>r  i  I  :ea  t  ions  needed  in  the  remainder  of  the  aircraft  subsystems. 

Mv-  i.,:.  Mission  enhancement  is  a  diflicult  topic  to  address  in  a  new  system.  Analyses 
:.i:-i  he  i se.i  to  show  the  benefits  of  the  added  investment  in  terms  of  overall  crew 

•  i  it-- . .  mission  success  probability  improvement,  increased  survivability,  and 

.  v  a..:.!  . :  oilier  features  (such  as  extended  useful  life,  or  broadened  tactical  capu- 

i  i  i  i  •  ,  •,!  the  aircraft).  All  of  these  items  have  been  addressed  by  Harris  analysts, 

she  re;..  •  ml,,  that  the  addition  of  a  three-dimensional  terrain  data  base  in  usable  form 
will  gr-s.My  increase  the  range  of  aircraft:  capabilities  while  improving  the  probability 

•  i  il  mi  ,  i"n  slice":.!.  In  some  fields,  this  effect  has  come  to  be  known  as  "force 
mu  i  i  ;  e  i  i  .  a  1  i  "ii .  " 

p.v:  \  ;*Rj-.p\H  \rios  and  storami: 

hi."!,  ill-  current  stale  ol  the  art  in  digital  data  storage,  it  is  necessary  to  compress 
:  ii"  iMthi-r  voluminous  source  data  in  order  to  carry  it  on  board  an  aircraft  in  any  reason¬ 
able  volume.  A  significant  advantage  in  on-board  storage  can  be  gained  if  the  source 
i *  i  i  m  be  compressed  and  reconstructed  with  a  high  compression  ratio  and  good  fidelity. 

:  ■  ,  p,  oi  elevation  data  compression  algorithms  arc  currently  under  consideration  as 

iii.lil.it",:  ill  frequency  domain  compression  and  (2)  spatial  domain  compression.  The 

.  pe.  i ;  ,  ■  ti'hniques  within  those  two  categories  may  vary,  depending  on  the  approach  used 
i  -i,  ,t  l  •  ly  to  impl"inei  he  algorithn  -n  data  preparation  and  in-flight  data  reconstruc- 

:  inn.  li.iiTi:,  iiii-  ti  ii  t  ly  sis  the  frequency  domain  compression  technique  with  some  pro- 
'••-.'>!  n  g  -i.o  ti  I  i  cii.  ions,  resulting  in  a  vet  v  high  compression  ratio  (250  to  1)  and  excellent 
;■■■■•  !••..,*  i  t.  "i  initial  elevation  data  accuracy.  The  block  truncation  technique,  a 
peps i  r  liia  compression  approach  in  the  spatial  domain,  is  loss  efficient  in  terms  of 
...  ion  "it  I",  hut  i(  is  also  somewhat  simpler  to  implement  in  digital  processing 


:  i  lata  ;  ruparat  ion  prove:  typically  goes  through  the  following  steps,  regard- 

■  r  h-  .  ■  cl  p  res i  mi  methodology:  1'  Transformation  of  the  source  data  (DIMS,  for 

,| ,  i  a  i  i  Unl"/ 1 1  mg  l  t  iide  comil  i  n  1 1  is  to  x-y  type  grid  coordinates;  (2)  Partition- 
i  ■:  ■  ii  Iran  .  t  •  *  rroi -■  1  dni.i  into  <!::cri  ’*■  .eginents  or  blocks  for  convenient  processing; 

:>  •  :  I '  i  ,.it  th"  e  leva  t  mu  (lain,  using  th"  selected  algorithms,  to  produce  a  compressed 

i.i'  i-  ;  : i . i \  lor  data  storage;  (  I  i  transfer  ol  the  compressed  data  from  computational 

i  illy  computer  disk  or  t  a  p*  i  to  the  opeiattonal  storage  media  for  use  in  the 

.  .  r  ih"  applicable  types  of  operational  media  will  he  discussed  later. 

■  ■  i."  ,  tops  arc  typically  perform'  d  with  the  aid  of  a  general  purpose  computer. 
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rhi-  lunrtli  ami  final  step  (transfer  to  an  operational  storage  medium)  must  of  necessity 
include  provisions  for  cultural  data  addition  as  well  as  elevation  data  addition.  This 
!!.;>■.  he  accomplished  simultaneously  or  in  separate  steps,  depending  on  the  overall  data 
handling  approach.  The  addition  of  cultural  data  can  also  be  done  in  a  variety  of  ways; 
darns  has  chosen  a  technique  which  consists  of  scanning  a  data  block  and  identifying 
th'-  points  :it  which  a  cultural  feature  (road,  river,  city,  lake,  etc.)  occurs.  Linear 
•.eaiures  such  as  roads  and  rivers  are  automatically  assigned  a  two-pixel  width  (in  a 
Olio  x  5'ju  pixel  display  format).  Area  features  such  as  cities  or  lakes  are  scanned  by 
id'  at  living  the  points  at  which  left-most  boundaries  occur,  and  then  subsequently  the 
p,  inis  at  Which  the  detected  boundary  changes.  Conversion  of  these  scanned  points  into 
a  victor  formal  during  the  data  preparation  process  allows  compression  ratios  on  the 
order  of  11)00  to  1.  The  preparation  software  also  provides  for  the  assignment  of  color 
cod'-s  to  cultural  features  from  an  essentially  infinite  selection  of  allowable  colors. 

Thus  the  pilot  quickly  associates  a  color  with  a  feature;  for  instance,  red  for  hard- 
surface  roads,  yellow  for  railroads,  blue  for  water,  and  so  on. 

The  data  storage  medium  to  be  used  in  the  aircraft  may  be  any  type  of  non-destructive 
readout  i.NUHO)  digital  storage.  Currently,  the  most  efficient  storage  medium  (in  terms 
a!  tits  per  unit  volume  amt  also  cost  per  bit  in  small  volume)  is  magnetic  tape.  Tape 
is  also  the  only  near-term  viable  method  for  digital  storage  with  proven,  long  term 
reiaibje  operating  performance  history.  Various  magnetic  tape  recorders  exist  in  fully 
quali: led,  flightworthy  configuration.  Tape  recording  suffers  from  one  drawback,  however: 
a  discrete  amount  of  access  time  is  needed  in  order  to  retrieve  a  randomly  selected  data 
group.  Thi.-  drawback  can  be  eliminated  in  practical  flight  systems  by  use  of  an  archi- 
t  -ciur-  which  allows  the  digital  map  system  to  "think  ahead"  and  retrieve  data  from  tape 
be  lore  it  is  actually  needed  for  processing.  Other  upcoming  candidates  for  mass  memory 
are  alterable  Programmable  Read-Only  Memories  (PROM),  optical  disk,  magnetic  disk,  and 
pub:.!'  m'-nory.  None  of  these,  however,  is  operational  and  proven  in  flight  configuration 
except  lor  the  bubble  memory  and  erasable  PROM's.  Storage  efficiency,  in  terms  of  kilobits 
p.  ;■  unit  volume,  for  each  of  these  media  is  approximately  as  follows: 

•  Magnetic  tape:  1,000  kb/intj 

•  PROM  :  200  kb/ in 

•  Optical  disk  :  5,000-10,000  kb/in^ 

•  Magnet  u:  disk:  200  kb/in^ 

•  Hubble  memory:  100  kb/ in' 

i  :.  i.  clear  1  rom  the*  above  table  that  the  optical  disk  is  by  far  most  efficient.  It  suf- 
:  •  r, ,  h'»\v.-v«*rf  from  several  drawbacks:  it  is  not  available  in  militarized  form  today;  it 
:*eq-.  !!*•■.  a  relatively  large  volume  and  weight  in  order  to  achieve  its  high  data  density; 
and  f  he  optical  disk  memory  is  normally  not  alterable  in  a  tactical  user  environment. 

i  me  i'»  optical  disk,  magnetic  disk,  PROM,  and  bubble  memory  contents  is  much 
v.-r’i:  than  lor  magnetic  tape  (many  nanoseconds  to  tons  of  milliseconds),  permitting 
i  -!.:!«  i-M  digital  map  architecture  to  be  considered.  The  bubble  memory  also  offers 
:  .  ri  ;r-i »:••!:>«•  as  densities  increase.  In  its  currently  available  form,  a  32  megabit 

lty,  th*-  bubble  memory  is  a  new  but  effective  product  capable  of  surviving  typical 
::  .  ;  « *n  v  l  ronim  n  t  s .  The  bubble  memory  system  and  the  PROM  mass  memory  offer  the  only 

a  ;  *  »  i\ib  1  •  -  .. t < * ragi •  with  no  moving  parts.  The  major  disadvantage  of  the  bubble  memory  is 
r  i  *  •  vihim**  of  practical  systems,  currently  on  the  order  of  nearly  500  cubic  inches  for 
b:  *v  g.tbit:.  of  storage.  The  data  transfer  rate  and  access  times  art*  also  slightly 
i  'v*  r  'ban  that  of  the  disk-based  products,  but  certainly  within  an  acceptable  range 
in-.!  much  la.-. ter  than  magnetic  tape. 

.■hA«  I'  I  [j\l  AVION  IPS  ARCH  ITIX.TURHS 

la  -o'-i-  r  to  be  use  t  u  l  ,  a  digital  map  system  must  be  designed  so  that  its  architecture 
i  realizable  ui  hardware  and  software  at  reasonable  cost,  with  acceptable  volume,  weight, 

;■<  v.<  r  oiuinpt  u.»n,  and  maintenance  characteristics.  Two  potentially  different  architec¬ 
ture  appear  to  be  the  primary  candidates: 

'  1  )  C* -n t  ra  1  i /,ed  processing  architecture*; 

•  2)  Distributed  processing  architecture. 

•Vithin  each  <>t  the  above  categories,  there  are  further  tradeoffs  related  to  the  scope 

■  .I  general  purpose  versus  dedicated  processing,  and  to  the  extent  of  additional  proees- 

i  ;.g  !*•  (paired  in  other  aircraft  subsystems  using  or  accessing  the  digital  map  data.  Other 
‘  .i  c  t  1  r  -■•  a:  let-ting  I  lie  architecture  include  the  type  of  data  storage  medium,  the  desired 

i.  play  I'e.Mil  ut  i  *  'ii  and  refresh  rate,  the  speed  range  of  tin*  using  aircraft,  the  number 

ii  :  liTciil  operating  modes  desired,  the  data  compression  technique  used,  and  the  need 
:  npp  1  ••meat a  1  functions  such  as  alphanumeric  or  graphic  symbology.  For  the  purpose 
<•:  d  i .-  e  e  •• .-»  i  ■  us  ”i  this  section  of  the*  paper,  it  will  be  assumed  that  data  compression 
•v  .  .  b •  ■  required  in  order  to  provide  adequate  data  coverage;  use  of  uncompressed  data  is 
lie  retur**  t  :  ubset  of  the  general  archi  teeturc . 

1  «:>-.’)•  n  digit. i )  map  block  diagram  is  shown  in  very  simplified  form  in  Figure*  1.  Its 

■  >,»«*!'  it  i  c  >  r  i  i : .  a  .  I  ■  •  l  1  (  >ws  : 

•  :  ;  :  •  t  '  *  i  i’.un  data  are  accessed  by  the  processing  system  as  required. 

•  Th«  .-»:ng  :  ystern  rcconstnu.-ts  the  compressed  data. 

•  ih'  data  formatting  system  rotates  and  translates  the  input  data  in  accordance 
with  positional  or  velocity  inputs. 

•  Other  sp* ••  •  l a  1  processing  readies  the  data  for  output  to  various  avionics  subsystems 

,u  h  as  display,  Might  computer,  navigation,  etc. 

This  b.tsif  d'  .ign  applies  to  all  digital  map  systems.  The  methodology  in  data  processing 
knell'-  th-  ia  i<-  digital  map  functions  will  depend  on  one  or  both  of  the  two  basic 
architecture,  i eon t ra 1 l zed  versus  distributed).  A  maximally  centralized  system  performs 
a’  •  lata  nuiipui  it  ions  required  for  all  functions  and  using  subsystems  in  the  aircraft.. 
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A  maximally  ilisi  ributed  syslum  handles  only  tin-  collection  of  the  terrain  data  and  ships 
the  data  out  to  other  avionics  subsystems  for  further  special  processing.  Each  architec¬ 
ture  has  certain  advantages,  many  of  which  relate  to  the  availability  of  other  processing 
capability  on  the  aircraft  and  to  the  feasibility  of  moving  data  around  the  plane  in 

large  volumes  at  high  speed.  oihen  avionics 

SUBSYSTEMS 
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Most  avionics  subsystems  are  designed  with  adequate  growth  margin  for  known  and  projected 
processing  requirements.  The  advent  of  a  new  sensor  such  as  a  digital  map  with  incredible 
utility  and  flexibility,  will  normally  necessitate  some  additional  (perhaps  unforeseen ) 
pr.  e,  ;,s  i  ng .  To  distribute  the  digital  map  processing  load  into  other  (perhaps  overworked) 
•iivratl  processors  is  probably  a  poor  solution  for  two  reasons:  (1)  the  spare  capacity 
probably  does  not  exist  in  current  avionics  systems;  (2)  the  relatively  unprocessed  and 
undigested  digital  map  data  will  have  to  be  transmitted  on  some  type  of  very  high-speed 
bus,  which  currently  does  not  exist  in  most  aircraft.  Data  rates  on  the  order  of  tens 
•  >!  megabits  per  second  may  be  required.  It  is  natural,  therefore,  that  a  maximally  dis¬ 
tributed  digital  map  architecture  is  not  desirable  for  current  aircraft  in  the  world's 
inventory.  A  maximally  centralized  architecture  may  also  be  undesirable  because  it  will 
r.'plicate  other  processing  functions  aboard  the  aircraft  and  will  require  too  much  hard- 
ware  and  software  lor  implementation.  It  is  no  wonder  that  a  practical  architecture  takes 
advantage  o!  the  best  features  of  centralized  and  distributed  processing.  Harris  Corpora- 
ti  ui  has  developed  a  digital  map  architecture  through  three  evolutionary  generations  to 
arrive  at  a  configuration  which  is  optimized  for  today's  avionics,  but  adaptable  to  future 
r.-qu  i  remen  is . 

i he  architectural  approach  for  the  Harris  DMG  is  based  on  the  assumption  that  data  may 
b>  processed  more  efficiently  at  its  source  it  adequate  processing  power  is  available. 

1 "i'"  lore  the  architecture,  from  an  external  view  of  the  digital  map  system,  appears 
t:  t  r.i  1  t  zed  because  data  are  not  distributed  outside  the  box  under  normal  operation. 
How-ver,  inside  the  DMG  the  processing  is  very  much  a  distributed  approach.  The  design 
utilizes  multiple  microprocessors  operating  on  a  parallel  bus  with  a  common  shared  memory. 
!'!:■•  internally  distributed  architecture  affords  the  opportunity  to  process  data  at  high 
■•pee. I,  without  the  penalty  of  sending  the  data  to  a  remote  location.  This  concept  also 
ill  c.v.  f.-eon  f  i  gura  t  ion  of  processor  tasking  and  addition  of  processors  to  the  bus  with- 
.1  disturbing  the  existing  software  structure.  The  internally  distributed,  centralized 
processing  architecture  will  be  seen  to  be  particularly  effective  for  growth  of  the  system 
beieiid  mere  display  generation.  The  system  also  contains  an  interface  which  permits  access 
b\  >ther  avionics  to  the  terrain  data,  but  it  is  expected  that  most  applications  will  be 
handled  internally  by  the  DMG  processors.  A  block  diagram  of  the  Harris  digital  map 
architecture  is  shown  in  figure  2;  a  brief  description  of  the  system  follows. 
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The  data  storage  unit  consists  of  a  pair  of  25  megabit  tape  recorders,  which  provide  the 
compressed  data  on  request  from  the  data  control  processor  (one  of  the  microprocessors 
in  the  system).  With  a  microprocessor-controlled  memory  interface,  a  simple  software 
Change  can  be  implemented  for  adaptation  to  other  memory  sources.  A  second  microprocessor 
controls  the  basic  digital  map  functions,  including  the  timing  of  reconstruction,  the 
translation  and  rotation  of  the  map,  and  the  required  coordinate  conversions.  A  third 
identical  microprocessor  module  operates  the  dual  channel  symbol  generator,  providing 
alphanumeric  and  graphic  symbology  based  on  sof tware/ f irinware  programming.  A  fourth 
identical  microprocessor  module  handles  the  operation  of  the  autonomous  navigation  algori¬ 
thm,  which  will  be  further  discussed  in  a  subsequent  paragraph.  Spare  card  slots  are 
prewired  to  accommodate  two  more  microprocessor  modules  for  growth  of  the  system's  capa¬ 
bility.  All  of  these  microprocessors  operate  on  a  high-speed  16  bit  parallel  global  bus, 
accessing  a  common  global  random-access  memory  (RAM).  Each  processor  also  contains  its 
own  local  or  cache  memory  as  a  part  of  its  normal  hardware  complement.  Preassigned 
priorities  are  arbitrated  each  cycle,  with  additional  provisions  for  prevention  of  one 
processor  from  totally  blanking  out  all  others.  With  the  global  bus  design,  the  system 
is  an  internally  distributed  architecture  capable  of  sharing  the  overall  processing  load. 
External  controls  and  data  inputs  come  into  the  system  through  a  standard  1553B  redundant 
interface;  examples  of  typical  inputs  are  navigation  data  and  mode  control  data.  Outputs 

I  rom  the  digital  map  also  pass  through  the  1553B  interface;  examples  are  the  status  indi¬ 
cators  passed  to  the  flight  computer  and  the  display  system. 

Not  directly  connected  to  the  high  speed  internal  bus  are  the  other  modules:  intermediate 
memory,  reconstruction  circuits,  scene  memory,  and  video  output  modules.  The  intermediate 
memory  acts  as  a  buffer  between  the  low-speed  data  storage  unit  and  the  high-speed  scene 
memory  outputs.  The  intermediate  memory  feeds  data  into  the  reconstruction  circuits,  which 
are  separated  into  an  elevation  reconstruction  module  and  a  cultural  feature  reconstruction 
module.  After  each  reconstruction  cycle,  the  dual  scene  memory  is  loaded  with  new  data 
to  update  the  display  in  the  direction  of  aircraft  movement.  Two  scone  memories  are  used 
so  that  two  different  scenes  may  be  instantaneously  available  on  request.  The  final 
digital  video  outputs  are  processed  through  a  color  mixing  RAM  before  being  converted 
to  analog  form  for  driving  the  color  display.  The  color  mixing  RAM  is  programmed  by  an 
in i 1 1  a  1 i nat ion  data  Mock  from  the  data  storage  unit,  allowing  user  selection  of  colors 
to  be  changed  at  any  time.  Finally,  for  the  other  aircraft  subsystems  which  may  need 
direct  access  to  the  data,  an  interface  module  is  available  and  is  operated  over  a  second 
dedicated  15531}  bus. 

The  flexibility  of  the  Harris  digital  map  design  permits  an  infinite  variety  of  functions 
and  operational  modes.  Even  more  modes  of  operation  are  possible  by  making  software  changes. 
Some  of  the  major  features  of  the  system  as  currently  configured  are  listed  in  Figure  3. 

■  Display 

•  Color  or  black  and  white 

•  Elevation  shaded  or  slope  shaded 

•  Contour  lines  at  selectable  intervals 

•  Cultural  features  (roads,  rivers,  cities,  lakes,  bridges,  etc.) 

•  Interest  points  (targets,  threats,  etc.) 

•  Flight  plan  points— connected  or  independent 

•  Scales  trom  3  x  3  to  768  x  768  kilometers 

•  Terrain  color  above  selected  altitude 

•  Flight  instruments 

•  Functions 

•  Provides  elevation  or  coordinate  data  on  request 

•  Process  Sitan  or  other  navigation  algorithms 

•  Expandable  (spare)  processing  capability 

•  Symbols/alphanumerics  may  be  flashed  and  rotated 

•  Geographic  and  cultural  or  point  features  may  be  selectively 
added  or  deleted  ("decluttering”) 

•  Remote  area  display  capability 

•  Provides  real-time  tape  update  capability 

■  Physical/electrical  characteristics 

•  9.6  x  9.8  x  20.5  inches  including  mounting  tray 

•  Power  consumption  370  watts  nominal 

•  Weight  52  pounds 

I’igiirr  Brimarv  I'Vatim*' of  the  Ilarre  Digital  Map  S\sirm 

L  ■  u:»*  >  m{  features  will  be  covered  later.  Some  of  the  above  features  will  first 

be  revi*w»tl  >>o  that  the  reader  may  gain  an  appreciation  of  their  si  gn  i  i  icanee .  First, 

I I  i •  ■  display  itself  operates  in  a  variety  of  modes  and  colors.  Besides  the  ability  to 
vary  the  viewed  area  1  rom  3X11  km  to  76HX7G8  km  in  2\  steps,  the  DMG  can  also  selectively 
display  classes  of  cultural  features  by  a  process  known  as  "decluttoring. "  For  instance, 
it  tie-  pilot  wishes  only  to  see  major  highways,  the  system  can  be  commanded  to  delete  all 
other  roads.  In  a  similar  fashion,  various  classes  of  cities,  railroads,  rivers,  and 
other  so-called  "linear’*  features  may  be  displayed  or  deleted.  "Area"  features  (cities, 
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luk<-.-.,  loiv.sl  atviis,  etc.)  art?  collected  in  the  daLa  base  in  categories  which  may  also  be 
se let t 1 vely  dec luttered.  Residential  areas,  for  instance,  ?iay  be  eliminated  from  urban- 
type  locations  so  that  only  industrial  areas  are  shown.  Dry  lakes  and  normal  lakes  are 
classified  differently  and  may  be  decluttered.  Forests  are  categorized  into  various 
classes  (coniferous,  deciduous,  etc.)  and  may  also  be  selectively  added  or  deleted. 

besides  the  indication  of  "point  features"  (such  as  water  towers,  broadcast  antennas, 
agricultural  bui’dings,  and  the  like)  from  the  basic  data  source,  the  digital  map  system 
also  can  display  "point  symbols"  which  are  specific  interest  points  entered  into  the  data 
base  by  the  pilot,  intelligence  officer,  or  other  individual  involved  in  mission  planning. 
These  symbols  can  even  be  entered  via  a  data  link,  and  may  take  on  a  selectable  variety 
of  shapes  and  colors  for  ease  of  identification.  Representative  symbols  include  waypoints, 
targets,  threats,  or  any  other  geographically  locatable  object  which  the  pilot  wishes  to 
keep  on  file  for  reference  during  the  mission.  Waypoints  may  be  joined  by  a  line  showing 
the  aircraft  route,  and  all  of  the  route  data  may  be  changed  at  any  time.  All  of  these 
symbols  are  produced  by  the  self-contained  symbol  generator,  which  also  can  draw  lines  or 
circles  of  any  size.  The  symbols  can  also  be  selectively  flashed  or  rotated,  or  they 
may  be  allowed  to  remain  geographically  fixed  in  one  orientation.  For  aircraft  which 
can  provide  the  appropriate  electronic  signals  to  the  symbol  generator,  it  will  produce 
synthetic  flight  instrument  displays  in  raster  format.  The  symbol  generator  also  has  a 
second  independent  monochrome  channel  capable  of  producing  a  separate  display  output  for 
use  in  a  he In.et -mounted  display,  heads-up  display,  or  other  similar  displays. 

Colors  it.  the  Harris  digital  map  are  completely  selectable.  Many  human  factors  studies 
have  been  made  to  determine  the  most  effective  colors  and  shades;  the  digital  map  allows 
the  user  to  select,  through  the  color  mixing  RAM,  any  family  of  colors  considered  appro¬ 
priate.  A  different  set  of  colors  may  bo  chosen  for  night  missions, for  instance,  in 
order  to  accomodate  the  pilot's  night  vision  goggles  or  simply  to  provide  minimum  dis¬ 
turbance  to  the  naked  eye.  Tho  color  assignments  are  stored  in  the  mass  memory  and  are 
easily  altered  off-line  during  mission  planning  and  data  preparation.  Color  tables  are 
loaded  into  the  initialization  data  block,  which  will  be  discussed  further. 

oPt  RAT  ION  AI.  MODUS  Of  THE  DIGITA'  MAP  SYSTEM 


An  el  I  ic  lent  ly  organized  mun-m  nine  interface  is  imperative  if  tho  digital  a. an  ysteir 
is  to  be  utilized  to  Its  full  potential.  The  definition  of  this  inter! a  ■«  begins  with 
the  major  operational  modes  of  the  digital  map  system.  These  modes,  capable  of  growth 
to  support,  other  functions,  are  currently  as  follows: 

•  Initialization  mode 

•  Terrain  data  mode 

•  A'  •  r:  >naii  t  i  ea  1  chart/photo  mode 

•  Hu  i  I  !- iii-Tosl  (HIT)  mode 

•  demote  map  mode 
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iMtinl  izaUon  mode*  operates  as  follows.  Upon  application  of  power,  the  digital  map 
automatic  initialization  routine,  The  processors  perform  a  setup  of  all 
and  then  execute  a  set  of  general  checks  on  the  health  of  the  system.  If 
e  discovered  duri:  g  these  checks,  the  errors  are  logged,  the  1553  data  bus 
an  attempt  is  made  to  report  the  error  over  the  bus  to  the  external  air- 
such  as  the  flight  computer.  If  no  errors  are  found,  the  symbol  generator 
ays  a  "standby"  message  to  alert  the  user  that  the  system  is  proceeding 
up  tie*  global  HAM  and  other  starting  point  functions  by  reading  in  data  f rom  the 
-  :i;»ry  subsystem  (currently  the  militarized  tape  recorder).  The  initialization  data 
l  rom  tin*  lap**  unit  might  be  comprised  of  the  following  contents: 

Mixing  RAM  bonds  (three  sets  of  IK  words) 

Initial  i.’u  1 tura 1  Prose  Lee t  ( 256  bytes  ) 

Initial  Mod«*  Command 


3  Pr*  -do t  •  *rin i nod  Video  Modes 
Alternate  m-uP*  commands 

Tape  directory  data  describing  the  geographic  coverage 


of  tape1  and  map  scales  on 


points  and  61 
used  software 


Interest  Points  (*100  words) 
t.able»s  (3048  words) 


t  -ape 

•  33  1*  !  i  ght  Plan 

•  1  i  n  t  «*rna  l  1  y 

•  MS  words  of  initialization  for  use  by  systems  external  to  the  i)M(> 

•  loo  data  frames  (assumes  8192  words) 

V.'h-ii  ill  i)\p;  initialization  data  is  received,  the  digital  map  system  control  1 
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ages  :  rom  the  bymho  1  (Generator  processor  and  formats  a  Mode  Status  Echo  message, 
nt  Ready  Output.  Discrete  is  asserted,  indicating  that  the  system  is  ready  lor 
mmun ic  1 1  ion .  Tie*  system  is  then  ready  to  accept  navigation  commands  and  start 
ion  of  the  rei|i;ested  displays.  Upon  receipt  of  navigation  data  over  the  bus, 
i  .  placet!  into  the  ile  fan  It  initialization  mode.  When  the  first  scene  memory 

. .  r**c»nst  rue  tod ,  tin*  word  "STANDBY'  is  removed  from  tho  .M  splay.  This  initiali- 

•  i.suming  a  tap*'  rasse  t  t  •  is  used,  is  completed  in  approximately  30  seconds, 

tat*  mass  memory  or  a  di.sk  memory  is  used,  the  entire  process  ;s  completed  mi 
e  ,eomd. 


i  i  dit. i  mode  is  tin*  norma1  operational  mode  for  most  system  operations.  In  t  li  i  s 
h  i  .  au  t « >ma  t  tea  1  l  y  entered  upon  completion  of  initialization,  the  digital  map 
tri'*v  ’s  and  processes  the  three-dimensional  terrain  and  cultural  data  ston’d  in 
m-r.v  ry.  Elevation  data  can  be  displayed  in  one  of  three  formats:  elevation 
..un-ang  I  ■  ■  shading,  or  terrain  above  a  set.  altitude.  Display  format  is  user 
«■  over  the  multiplex  bus.  In  tie*  elevation  shading  format,  the  intensity  of 

•  lute  elevation  of  th*>  terrain  being  represented. 
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The  mtonsit  it's  are  grouped  into  eight  different  bands  which  may  be  controlled  via  the 
multiplex  bus  using  the  following  three  parameters: 

•  Maximum  Altitude  -  defines  the  lower  limit  of  the  highest  elevation  band 

•  band  Interval  -  defines  the  elevation  interval  below  the  maximum  altitude  at 
which  shades  will  change 

•  Shade  Table  -  eight-entry  table  allows  the  user  to  assign  the  intensity  of  the 
eight  shades 

Withou’  specific  commands,  the  system  will  define  the  elevation  shading  parameters  based 
on  initialization  data  from  the  mass  memory. 

In  the  sun-angle  shading  display  format,  the  intensity  of  each  pixel  on  the  display  is  a 
tunction  of  the  slope  of  the  terrain  represented  by  the  pixel  relative  to  an  artificial 
sun  angle,  yielding  an  artificial  three-dimensional  appearance  to  the  display.  The  sun 
angle  is  artificially  fixed  at  -45  degrees  with  respect  the  map  orientation  angle  (i.c., 
in  the  upper  left  corner  of  the  display)  in  order  to  prevent  commonly  known  display 
illusions.  In  the  sun-angle  display  format,  16  shade  levels  are  utilized.  The  shade 
levels  represent  differences  in  slope  in  approximately  2  degree  intervals.  The  system 
automatically  adjusts  for  changes  in  the  display  scale  factor;  thus,  no  external  parameters 
are  required  in  this  mode.  The  third  display  format  is  called  "terrain  above  a  set  alti- 
tud-."  This  format  is  a  modification  to  tbe  standard  elevation  shading  format,  and  its 
purpose  is  to  provide  the  pilot  with  a  terrain  avoidance  display  which  shows  terrain 
above  a  chosen  altitude  in  a  distinct  color.  Other  areas  of  the  display  are  the  same 
as  (or  the  elevation  shading  format.  The  "set  altitude"  can  be  fixed  or  dynamically 
controlled  by  the  system  to  correspond  to  the  aircraft  altitude  plus  an  externally  pro¬ 
vided  offset.  The  color  chosen  is  fully  programmable. 

In  each  of  the  three  basic  elevation  formats,  black  contour  lines  can  be  added.  The 
contour  lines  represent  lines  of  constant  elevation  in  the  displayed  terrain.  The  con¬ 
tour  lines  can  be  selected  or  deselected  by  external  bus  control.  When  selected  the 
lines  are  generated  at  a  real-time  60  Hz  rate  such  that  they  can  keep  up  with  any  air¬ 
craft  translation  or  rotation.  Two  inputs  are  provided  to  the  DMG  via  the  bus  to  define 
a  reference  elevation  for  contour  line  location  and  the  interval  between  subsequent  contour 
lines.  Contour  lines  will  be  assigned  at  the  chosen  elevation  and  all  elevation  values 
above  and  below  that  level  that  are  integer  multiples  of  the  selected  interval.  Without 
specific  commands  over  the  multiplex  bus,  initialization  values  for  the  contour  lines 
will  be  used. 

Display  color  is  obtained  from  the  three  dimensional  cultural  data  base  composed  of  area, 
linear,  and  point  features.  Within  the  system,  point  feature  data  are  processed  with  all 
other  symbology  in  the  Symbol  Generator  subsystem.  Area  and  linear  feature  data  are  read 
from  the  tape  in  compressed  form  and  reconstructed  prior  to  being  written  into  a  scene 
memory.  The  system  can  process  up  to  62  different  area  feature  types  and  64  linear 
loature  types  at  one  time.  Kach  area  and  linear  feature  type  can  be  individually  selected 
or  deselected  v  i  a  preselection  memory  during  the  reconstruction  proco ss.  The  preselect 
memory  can  be  loaded  from  the  mass  memory  or  from  the  multiplex  bus.  Each  memory  load 
specifn.-s  select  ion /deselect  ion  as  a  function  of  display  scale  as  well  as  feature  typo, 
ill  US,  one  can  declutter  more  and  more  detail  feature  data  while  going  to  larger  area 
display  scales.  This  capability  is  extremely  important  because  it  allows  the  pilot 
I.,  concent  rale  on  only  the  features  of  interest,  yet  it  preserves  the  ability  to  display 
any  di-sii-"d  features. 

The  Harris  DMG  not  only  provides  full  compatibility  with  the  DMA  Digital  Land  Mass  Level 
1  and  Level  2  data,  but  it  is  also  fully  capable  of  being  adapted  for  storing  and  dis¬ 
playing  large  amounts  of  digitized  aeronautical  charts  or  reconnaissance  photos.  This 
gives  the  us'  c  the  ability  to  display  a  map  scene  based  on  existing  standard  paper  charts, 
which  would  be  useful  to  augment  the  DMA  data  scene  or  to  provide  the  aviator  with  map 
everage  in  lho.se  regions  where  DMA  digitized  data  may  not  be  available.  The  preparation 
and  digitization  ol  the  aeronautical  charts  into  the  mass  memory  is  discussed  further 
under  tic  Mission  Planning  System  subjects.  Basically,  the  Harris  approach  is  to  use 
a  high  in  solution  red-green-blue  (RGB)  camera  digitizer  to  scan  the  charts  and  generate 
a  data  base  suitable  in  structure  to  process  and  format  into  tbe  tape.  This  technique 
has  been  successfully  demonstrated  at  Harris  and  has  proven  to  offer  high  quality,  faith- 
*  ii  1  is  pc, duel  ions  of  the  material  scanned.  It  also  has  been  shown  to  be  a  very  time- 
el:  lcicnt  process  providing  extremely  quick  turnaround  from  initial  paper  chart  to  a 
lit:  i  shed  data  base,  requiring  less  than  2  hours  for  a  nominal  area  of  coverage.  The 
advantag'  s  this  provides  to  the  military  pilot,  in  terms  of  displaying  the  latest 
up  '•  tic  minute  chart  or  photographic  information,  are  obvious. 

The  Harris  b.Mw  can  essentially  perform  the  same  motion  based  modes  with  the  aeronaut i- 
ai  '•hart  displays  as  it  can  with  the  DLMS  generated  displays.  It  can  also  overlay 
y  ::.i  ,  i .  , : \  .uch  as  flight  plans,  intelligence  data,  etc.,  and  register  it  to  the  geo- 
ci'aphi  ■  ps.it  n, n  ,>f  the  underlying  map  scene.  Any  of  the  symbol  generator  overlay  data 
ilia  ,  cl  course,  be  selected  or  deselected  upon  command.  The  basic  motion  modes  supported 
!  e  r  ;  ta.  aeronautical  chart  displays  are: 

•  IP  1 1  —  l  ini"  t  ran  lation  and  rotation  synchronized  to  aircraft  motion 

•  IPac.ng  up  dis  .ay,  or  North,  South,  East,  West  up 

•  Air.  rail  centered  in  the  display  or  placed  at  the  lower  20  percent  point 

•  Remote  scene  look-ahead  (stationary  view  of  a  command  area) 

•  Sl-w  to  any  other  area  within  the  stored  coverage  upon  command 

Another  basic  mode  of  operation  is  the  bui 1 t-tn-test  (HIT)  mode,  which  allows  the  digital 
map  to  ch'  i  k  it  el (  and  report  on  its  operating  condition.  A  cons i derub  1  amount  of  detail 
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V,1  ;  1  be  presented  on  this  topic  because  it  is  considered  critical  to  proper  use  of  the 
digital  map  system.  The  BIT  function  is  incorporated  in  two  primary  operating  modes. 

The  periodic  BIT  mode  operates  continually  when  the  system  is  in  an  on-line  configuration; 
that  Is,  periodic  BIT  executes  when  the  system  is  operating  normally,  (for  example, 
during  Might).  Initiated  BIT  operates  only  when  commanded,  or  only  when  the  digital  map 
is  in  the  off-line  mode,  and  is  used  primarily  in  the  aircraft  as  a  preflight  GO/NOGO 
indication.  Periodic  BIT  has  the  capability  to  detect  faults  during  normal  (in  flight) 
operation.  Both  fatal  and  recoverable  faults  are  detected.  Initiated  BIT  is  a  compre¬ 
hensive  sequence  of  tests  to  verify  the  integrity  of  the  DMG .  The  philosophy  of  initiated 
BIT  is  success  oriented;  that  is,  interaction  of  the  DMG  with  the  pilot  or  crew  chief 
prior  to  flight  results  in  a  positive  indication  that  the  system  is  functioning  properly 
(merely  an  absence  of  detected  faults  does  not  constitute  a  satisfactory  conclusion  of 
initialed  BIT).  Furthermore,  initiated  BIT  lias  fault  isolation  capability  where  a  fauit 
is  indicated  in  the  associated  major  subsystem,  the  affected  minor  subsystem,  and  parti¬ 
cular*  circuit  tnodu  1  e . 

The  BIT  design  concept,  for  both  periodic  and  initiated  BIT,  is  predicated  on  the  system 
functions  and  the  associated  hardware  architecture.  The  digital  map  system  is  a  highly 
integrat'd  array  of  processing  functions.  Both  general  and  special  purpose  processing 
tunctions  are  arranged  in  basically  a  parallel  pipeline  configuration.  The  generic 
I  i pe 1  ines  are  the  symbol  generator  and  digital  map  functiins.  Parallelism  exists  between 
those  iwu  Inactions  and  with  the  controlling  processors  along  with  the  multiplex  bus 
interlace.  Of  course,  within  the  major  functions  other  parallelism  exists,  such  as 
the  two  seem  memories.  The  functional  partitioning  is  so  organized  that  a  fault  in 
a  separable  function  is  uniquely  associated  with  faulty  hardware  of  a  particular  module. 

As  is  described  in  more  detail  below,  initiated  BIT  exercises/ tests  each  of  the  parallel/ 
p i pt  line  tunctions  individually;  thus  when  a  fault  is  detected,  isolation  is  relatively 
..  t  ra  l  gilt  t  o rwa rd . 

In  the  digital  map  sysLem,  the  firmware  controls  all  built-in  test  activity  except  for  a 
minimum  quantity  of  built-in  test  hardware  functions  which  must  be  included  to  cover 
processor  hardware-related  faults  which  could  affect  the  integrity  of  the  firmware  or 
proper  firmware  execution.  The  principal  hardware  functions  incorporated  as  part  of 
BIT  are  as  follows: 

•  Processor  memory  parity 

•  Multiplex  bus  interface  self-checks 

•  Watchdog  timer  for  processor  activity 

All  memory  associated  with  the  general  purpose  processors  has  word-wide  parity  associated 
with  each  memory  location.  Both  PIIOM  and  RAM  memories  are  included  with  each  processor 
along  with  the  shared  HAM  on  the  global  bus.  PROM  parity  is  permanently  loaded  with  the 
lirmware.  HAM  parity  is  generated  by  a  hardware  function  as  each  HAM  location  is  written. 
When  rearin  g  memory,  whether  it  be  ROM  or  HAM,  parity  is  checked  by  a  hardware  function. 

It  an  error  is  detected,  the  associated  processor  is  interrupted  and  the  parity  error  is 
thus  detected .  A  memory  parity  error  is  a  recoverable  error.  The  digital  map  system's 
action  after  the  occurrence  of  a  recoverable  error  is  described  at  the  end  of  this  section. 
The  multiplex  interface  self-checks  are  hardware  functions  which  include  the  test  require- 
rr.  rnts  of  MII.-STU-1553B.  In  the  interface,  error  conditions  detected  in  the  message  trans- 
ter  process  are  loop  test  error,  direct  memory  access  error,  Manchester  error,  parity 
error,  word  count  low,  and  word  count  high.  Upon  detection  of  one  of  these  errors,  the 
ous  interface  chip  reports  the  error  to  one  of  the  general  purpose  processors  and  inhibits 
updating  its  buffer  status  registers.  This  indicates  no  message  received,  which  prohibits 
bad  data  t rom  entering  the  system.  The  error  condition  is  cleared  upon  reception  of  the 
next  valid  command  word.  Additional  features  include  a  babbling  transmitter  shutdown 
function  and  mode  codes  to  implement  transmitter  shutdown,  override  transmitter  shutdown, 
and  reset  t  •rininal  electronics.  These  features  provide  additional  bus  integrity  and  re¬ 
cover;.  capabilities.  The  general  purpose  processors  also  have  the  ability  to  read  and 
write  the  status  registers  of  the  bus  interface.  This  capability  enables  the  processor 
to  determine  it  the  MIL-STD-1553B  ping-pong  message  buffers  are  operating  properly. 

A  watchdog  timer  is  implemented  in  the  event  that  a  processor,  specifically  the  DMG  con¬ 
trol  processor,  tails  passively  or  "gets  lost”  m  its  own  firmware.  For  the  watchdog 
timer  not  to  at,  the  DMG  control  processor  must  periodically  reset  the  timer.  If  the 
watchdog  tuner  is  not  reset ,  it  times  out  and  causes  the  entire  system  to  reset  (comparable 
to  a  power-en  reset).  Timeout  of  the  watchdog  timer  is  treated  as  a  recoverable  error/ 
taulf.  If  system  recovery  actually  oocurs.it  reflects  the  elimination  of  the  cause  which 
allowed  the  timer  to  lime  out  originally.  All  other  periodic  BIT  functions  are  controlled 
by  the  processors.  Prominent  functions  in  this  category  are: 

•  Firmware  memory  checksums 

•  Mass  memory  data  integrity 

•  I  iitcrnn  dialc  memory  data  integrity 

•  Reconstruction  processor  function 

•  Data  path  nlegrity  from  intermediate  memory  through  scene  memory 

•  Fixe'  plott  "i-  and  pixel  HAM  integrity 

•  Mui'  l, .lex  Iris  and  interprocessor  communications 

The  l  rrrawure  memory  checksums  are  performed  by  each  processor  on  its  ROM  as  available 
proe.-sx  mg  i  i  rrc  -  permit:;.  Two  successive  checksum  or:  irs  are  treated  us  a  fatal  error. 

Integrity  of  the  mass  memory  ( tape  unit)  contents  is  verified  by  a  longitudinal  redun- 
line  >  ch  ck  i  I.HC )  character  at  the  end  ot  each  data  block  as  it  is  read  from  the  cassette 
tape.  Two  tries  to  read  the  data  are  permitted  Tor  each  lime  the  particular  data  block 
rs  r  quest "d  before  an  error  is  indicated.  An  inability  to  read  the  data  block  is  not 
ceil  ill  red  a  system  laull  if  the  data  are  not  initialization  data  or  !  ’  e  test  pattern 
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(in  the  initiated  BIT  mode  only).  The  consequences  ol'  the  inability  to  retrieve  map  data 
are  described  in  the  next  paragraph. 

I ia l a  integrity  in  the  intermediate  memory  is  verified  when  the  memory  is  read.  Each  block 
and  subblock  (if  present)  of  data  has  an  additional  BRC  character  which  is  checked  as  data 
are  read  from  the  memory.  In  the  event  an  error  is  detected,  a  reread  is  attempted.  If 
the  reread  tails,  the  intermediate  memory  data  are  again  read  from  the  tape  unit.  If  the 
read  of  the  intermediate  memory  fails  again,  a  fatal  error  is  indicated.  The  consequences 
<j|  the  inability  to  extract  map  data  from  the  intermediate  memory  prior  to  the  decision 
which  results  in  a  fatal  error  are  the  same  as  the  inability  t  extract  valid  data  from 
the  tape  unit.  Map  data  that  is  unavailable  for  placement  in  the  scene  memory  merely  re¬ 
sults  in  the  respective  geographical  map  area  not  being  available  for  presentation.  The 
video  will  be  blank  (black)  for  that  geographical  area.  Such  is  the  case  when  the  map 
display  is  positioned  at  the  edge  of  its  on-board  data  base  coverage  area.  In  the  parti¬ 
cular  instance  of  the  inability  to  retrieve  valid  data  from  the  tape,  a  scene  memory 
block  will  be  blanked.  If  that  block  comes  into  view  on  the  display,  it  will  appear  as 
a  black  area;  in  the  moving  map  mode,  the  aircraft  can  literally  fly  through  the  blanked 
urea.  Since  the  inability  to  read  one  block  of  data  from  the  cassette  tape  cannot  generally 
hi-  considered  a  system  level  or  catastrophic  problem,  the  described  method  of  operation 
in  that  event  has  been  implemented. 

The  digital  map  system  has  two  reconstruction  processors.  The  elevation  reconstruction 
processor  operates  on  compressed  ULMS  elevation  data  and  the  cultural  reconstruction 
processor  operates  on  1)1, MS  cultural  data  and  on  the  compressed  imagery  generated  from 
aeronautical  charts  of  photographs.  Neither  reconstruction  processor  is  required  to 
operate  continuously.  Reconstruction  is  required  only  when  a  new  scene  memory  block 
must  be  created.  Periodic  BIT  takes  advantage  of  the  idle  times  of  the  processor  by 
loading  a  test  pattern  in  an  intermediate  memory  block  and  then  instructing  the  recon¬ 
struction  processors  to  operate  on  that  data.  The  reconstructed  (test)  data  are  then 
verified  by  reading  the  respective  reconstruct! >n  scratch  pads.  Every  bit  of  data  is 
nut  individually  verified;  however,  representative  samples  are  verified  resulting  in 
a  high  probability  of  correct  reconstruction  processor  operation.  Any  failure  in  the 
tests  ol  the  recon  rue  t  ion  processors  in  considered  a  fatal  error. 

The  approach  to  verifying  the  proper  operations  of  tho  symbol  generator  hardware  u, 
similar  to  that  described  for  the  I)M(1  functions  above.  Tests  are  initiat,  .1  in  the 
symbol  generator  by  instructing  the  pixel  plotter  to  plot  a  predetermined  symbol  or 
shape  into  one  ol  the  pixel  KAMs.  The  appropriate  locations  in  tho  HAM  are  chosen  so 
as  not  to  interfere  with  active  symbology.  These  locations  are  then  read  by  tho  processor 
to  verity  the  proper  pixel  plotter  and  pixel  RAM  functions.  Those  pixel  locations  are  then 
cleared  prior  to  that  RAM  being  used  for  active  video  generation.  The  process  is  then  re¬ 
peated  for  the  other  pixel  ,(AM.  Any  detected  faul'  is  treated  as  a  fatal  error. 

The  remainder  of  the  special  purpose  hardware  in  the  DMG  is  dedicated  to  the  generation 
ol  real-time  video.  That  hardware  is  not  functionally  checked  during  periodic  BIT.  Two 
significant  factors  entered  into  that  design  decision.  first,  digital  map  data  used  to 
support  other  avionics  functions  (such  as  TF/TA,  throat  assessmen  t  /  in  terv  is  ibi  1  i  ty  ,  etc.) 
are  extracted  from  scene  memory.  Earlier  descriptions  have  shown  how  map  data  integrity 
through  the  seen,-  memory  is  verified  by  periodic  BIT.  If  is  important  to  recognir.o  that 
automated  weapon  system  functions  relying  on  the  digital  map  data  originating  in  the  DMS, 
such  as  a  coupled  flight  director  function  for  TF/TA,  can  be  implemented  with  the  assured¬ 
ness  ol  data  integrity  verified  automatical l y  by  periodic  BIT.  (The  particular  example 
was  chosen  since  flight  safety  is  involved.)  Second,  hardware  failun  i  in  the  video 
generation  circuitry  (elevation  processor,  slope  shade  processor,  etc.)  affect  only  the 
display  quality  (i.e.,  there  is  not  direct  coupling  to  any  other  function).  The  conse¬ 
quences  el  these  types  of  failures  is  a  purely  subjective  issue.  If  the  display  dogra- 
tat  ion  is  no'  noticed  by  tho  pilot,  the  failure  is  ol  no  consequence.  If  th"  problem  is 
)'■  '  gni. ini,  ihe  pilot  chooses  whether  the  display  is  a  quality  that  still  provides  a 
usetiil  lunct  ion.  It  he  decides  not,  he  may  discontinue  the  use  ol  the  system. 

Common  ion l ions  involving  the  global  subsystem  occur  among  the  processors  and  the  bus 
interlace.  The  global  bus  protocol,  including  periodic  hardware  handshaking  between 
he  processors  and  data  flow  to  and  from  the  bus  interface,  inherently  provides  soll- 
'  capability.  Any  breaki' >wn  in  the  communication  protocol  will  result  in  the  DMG 
control  processor  allowing  ,  lie  watchdog  timer  to  time  out.  (The  results  of  this  process 
I. a'.'1  Be-r.  described.)  Another  example  which  would  result  in  this  situation  is  appropriate 
to  discuss.  If  the  symbol  generator  processor  fails  or  "gets  lost"  in  its  firmware,  it. 
will  .'i  use  ;  roper  communications  with  the  DMG  control  processor.  The  lack  of  communication 
alot.i  r-'sult'  in  '.he  DMG  control  processor  recognising  a  problem  and,  in  turn,  permitt  ing 
'.hi  wa  Dialog  timer  to  time  out.  II  during  reinitialisation,  the  symbol  generator 

processor  recovers,  operation  can  proceed  normally;  otherwise,  tho  watchdog  timer  times 
out.  again  ami,  finally,  recovery  does  not  occur.  In  all  instances  of  an  error/fault 
:  t  u  a  l  on  ,  tin  status  of  that  condition  is  made  available  for  multiplex  bus  transmission  , 
it  possibl  Fur t herniore ,  if  possible,  error/fault  status  and,  where  appropriate,  the 

number  ol  occurrences  thereof  are  entered  into  non-volatile  memory. 

All  ol  the  preceding  ill:  ussions  of  BIT  have  been  on  the  subject  of  periodic  BIT.  As 
will  Be  recalled,  the  initiated  BIT  mode  is  the  other  half  of  the  digital  map’s  int-Tnal 
test  'node;,.  Th"  initiated  BIT  function  primarily  serves  as  a  comprehensive  preflight 
syst.-n  readiness  died..  Additionally,  initiated  BIT  provides  an  automated  fault  isolation 
capability  which  ,  inpoints  a  faulty  circuit  / function  to  a  specific,  module.  The  initiated 
BIT  mode  will  only  be  entered  when  the  system  is  so  commanded  with  the  appropriate  message 
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over  tilt-  aircraft  data  bus.  The  initiated  BIT  mode  may  be  interrupted  at  any  time.  Initi¬ 
ated  BIT  runs  to  completion,  as  is  described  below,  and  then  remains  in  that  (completed) 
state  until  commanded  otherwise.  Initiated  BIT  can  only  be  entered  from  an  off-line 
status  where  no  real-time  video  can  be  generated.  Some  initialization  is  required  prior 
to  entry  into  the  initiated  BIT  mode.  The  following  typical  flight  line  operational 
sequence  is  a  good  example  lor  descriptive  purposes.  When  the  initiated  BIT  mode  is 
commanded,  the  processors  begin  detailed  memory  tests.  Also,  early  in  the  process,  the 
system  is  commanded  to  move  the  tape  to  the  test  pattern  block.  The  test  pattern  block 
is  located  at  the  other  end  of  the  data  blocks  from  the  initialization  data.  Success¬ 
fully  locating  and  retrieving  the  test  pattern  block  verifies  proper  tape  unit  operation. 
The  memory  tests  include  local  processor  memories,-  the  shared  global  memory  and  all  other 
read/write  memories  in  the  system,  such  as  pixel  itAM,  intermediate  memory,  reconstruction 
scratch  pads,  scene  memories,  color  mixing  RAM,  shade  tables,  etc.  The  memory  testing 
process  lakes  nearly  one  minute  to  execute.  When  memory  testing  is  completed,  the  tape 
will  be  positioned  ready  to  read  the  test  pattern  block.  If  the  tape  has  not  reached 
that  position,  then  a  fault  is  indicated.  The  memory  testing  approach  uses  alternating 
bn  patterns  written  and  read  alternately  between  different  segments  of  a  memory.  If  a 
fault  is  detected,  this  process  allows  the  distinction  to  be  made  between  addressing 
problems  and  actual  memory  element  problems.  This  is  particularly  appropriate  for  fault 
isolation  where  addressing  and/or  decode  functions  are  not  located  on  the  same  board  as 
the  memory  elements  (as  is  the  case  with  the  scene  memories). 


The  test  pattern  is  a  synthetic  digital  map  block  with  compressed  elevation  and  cultural 
data.  The  elevation  data  forms  a  symmetrical  pattern  designed  to  exercise  the  elevation 
reconstruction  processor.  The  cultural  data  is  somewhat  symmetrical  and  is  designed  to 
ix-rci.se  the  cultural  reconstruction  processor  and  act  as  a  background  for  overlaid 
symbology.  The  arrangement  of  the  synthetic  cultural  data  is  shown  in  Figure  4.  The 
:  •■st  pattern  is  read  from  the  mass  memory  into  intermediate  memory.  It  is  then  recon¬ 
structed  at  two  different  scales  with  different  cultural  preselect  sets  into  the  two 
scone  memories.  Since  both  reconstruction  processors  are  sensitive  to  reconstructing 
to  difteront  display  scales  and  the  elevation  reconstruction  processor  is  sensitive  to 
reconstruction  differences  between  the  X8  scale  and  any  of  the  other  three  scales,  the 
X8  and  the  XI  scales  are  used  for  test  purposes.  To  achieve  the  necessary  display 
results  for  test  purposes,  certain  of  the  memories  must  contain  invariant  data  unique 
to  the  initiated  BIT  function.  Those  data  are  loaded  into  the  memories  at  the  conclusion 
of  the  respective  memory  tests.  Included  are  the  color  mixing  RAM  values,  the  cultural 
preselect  primary  set  (with  the  secondary  set  loaded  after  initial  cultural  reconstruction) 
and  nn  initial  configuration  for  each  of  the  scene  memories.  In  the  scone  memories, 
elevation  values  arc  set  to  zero  and  cultural  values  are  all  set  to  area  feature  values 
representative  of  all  green  area  fill  or  all  red  fill  (where  the  colors  a--e  controlled 
by  the  color  mixing  RAM  values).  In  scene  memory  A  eight  blocks  each  are  set  to  red 
and  green.  In  sreiie  memory  B  all  1(3  blocks  are  sot  to  red. 
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One  scene  memory  block  of  X8  scale  is  reconstructed  and  placed  in  scene  memory  A  as 
shown  in  Figure  (>.  The  scene  memory  block  had  been  "red"  before  the  reconstructed 
data  were  entered.  Note  that  the  cultural  preselect  set  has  the  "X"  pattern  (shown 
in  Fignr"  .)  >  deselected.  This  scene  memory  is  then  the  source  of  initial  video  with 
the  resultant  display  as  shown  in  Figure  5.  Note  that  the  reconstructed  test  pattern 
has  a  groin  border.  Any  static  scene  memory  add  ess i ng  errors  associated  with  the 
i  rloi  readout  functions  will  result  in  areas  of  -ed  appearing  on  the  display.  This 
■  |  lay  will  !>■  output  for  2b  seconds,  during  which  Lime  its  simple,  basically  symme¬ 

trical  pattern  can  he  verified.  The  figures  presented  here  do  not  depict  the  eleva¬ 
tion  a  o  c  i  a  t  "d  presentation;  however,  the  symmetric  elevation  pattern  is  part  ol 
tile  display  'i.xcept  for  the  final  format  where  symbology  :s  overlaid).  jn  the  display 
of  scene  memory  A,  elevation  features  are  sun  angle  shaded  with  a  low  density  of  r-leva- 
t  ion  con  tour  1  i tecs . 
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Whi!<  . » l" t * [i siiiiwry  A  is  being  displayed,  tost  pattern  reconstruction  at  the  X4  scale  is 
being  processed  for  scene  memory  13.  All  16  blocks  of  scene  memory  B  are  filled  as  shown 
:n  figure  6.  In  this  reconstruction  the  spiral  linear  feature  pattern  is  deselected  while 
the  "X"  linear  feature  pattern  is  selected.  After  20  seconds  of  active  display  from  scene 
memory  A,  scene  memory  13  is  displayed  with  the  initial  display  window  positioned  as  shown 
i  n  l  lie  I  i  gu  r ' • . 


16  SCENE  MEMORY  BLOCKS 


Figurr  f>.  I.axmt  of  Si-cnr  Mrmorv  Translation  Relation  Tost  4 


The  tniti  il  prison  tat  ion  from  scene  memory  13  is  with  sun  angle  shading  and  with 

an  elfv.it  ion  contour  interval  more  c  losely  spaced  (in  terms  of  differential  elevation)  than 
was  di  .playt  1  t  r«  un  scene  memory  A.  After  ten  seconds  of  a  static  display,  the  display 

•  nter  begins  to  move  following  the  dashed  line  as  shown  in  Figure  (5  (the  dashed  lines 
di-iwi.  in  the  figure  are  not  on  the  display).  Display  translation  continues  along  the 
straight  path  segments  as  shown  in  the  figure.  The1  display  does  not  rotate*  when  trans¬ 
lating  to  the  right  along  the  second  segment.  Translation  time  for  each  segment  ten 

♦  •i  tinds.  On*. -halt  ot  the  way  along  the  second  segment,  the  elevation  display  mode 

•  ■Largos  1  rom  .-.ui:  angle  shading  to  shades  of  gray  with  each  gray  band  spanning  ft  ir  of 
the  elevation  contour  line  intervals  already  present.  Again,  the  display  does  not  rotate 
when  translating  along  the  third  segment  (it  appears  to  move  "backward”).  One-half  of 
the  way  along  i  he  third  segment,  the1  elevation  contour  line  spacing  is  increased  to 
coincide  exactly  with  the  gray  shade  band  interval.  At  the  end  of  the  third  segment, 

Iran,  lat  i<»n  stop,  and  rotation  begins.  The  period  of  rotation  is  20  seconds  (18  degrees 
per  oecondi.  At  the  end  of  the*  rotation  period,  the?  elevation  shades  of  gray  display 
mode  is  altered  by  shade  hand  base  altitude  such  that  no  gray  shading  is  present  on  the 
display. 
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The  test  sequence  involving  scene  memory  B  exercises  the  scene  memory  directory  function 
and  the  scene  memory  addressing  function.  Problems  with  the  scene  memory  directory  will 
In*  muni  tested  with  portions  of  the  test  pattern  being  misplaced  or  out  of  order.  If  the 
scorn*  memory  had  not  been  loaded  properly  during  the  test  pattern  reconstruction,  areas 
ot  r*  d  will  appear.  (Recall  that  all  16  scene  memory  blocks  are  displayed  during  this 
it-si  sequence.)  Both  the  translation  and  rotation  processes  require  proper  operation 
> > !  seem-  memory  addressing.  If  problems  arc*  present  in  addressing,  as  a  minimum,  erratic 
m*»i ion  will  be  present  during  translation  and/or  rotation.  During  the  rotation,  corners 
i>i  the  display  area  will  pass  outside  of  the  valid  scene  memory  data  area.  Again,  as  a 
proper  function  of  scene  memory  addressing,  black  will  appear  in  those  corners  when  they 
overlay  (geographic)  areas  outside  of  valid  scene  memory  data.  The  variations  in  the 
»•  leva  lion  display  modes  as  described  verify  proper  operation  of  the  sun  angle  shading 
process,  the  elevation  shades  of  gray  process  and  the  control  of  the  generation  of 
elevation  contour  lines. 

At  the  conclusion  of  the  preceding  DMG  test  sequence,  the  symbol  generator  is  commanded 
to  generate  an  alphanumeric  and  graphic  overlay.  The  overlay  is  superimposed  on  the 
map  display  formal  that  remains  present  at  the  end  of  the  DMG  test  sequence.  The  resul¬ 
tant  display  arrangement  is  shown  in  Figure  7.  The  overlay  (symbolic)  format  is  designed 
tor  two  primary  purposes.  The  format  is  a  selection  of  symbols  and  graphics  designed  to 
exercise  the  various  functions  of  the  symbol  generator.  Additionally,  proper  symbology 
registration  with  the  map  display  is  verified. 


CiRCLfc  GENERATION 
AND  SCREEN  REGISTRATION 


i'h<  ■■verla\  template*  is  basically  self-explanatory.  A  few  notes  of  explanation  will 
uttic--.  i‘he  inscribed  square  no*  only  indicates  registration,  but  also  verifies  the 
i  drawing  function  of  the-  symbol  generator.  Similarly,  the  dashed  line  function  is 
<'-•>  \*  ri!  !••«!.  The  circle  drawing  function  is  verified.  Proper  circle  radius  is  veri- 
:  .■  !  I  >  tin-  ^ung'Uit  i  :i  1  registration  as  shown.  The  arrowhead  in  the  center  of  the  dis- 
.i  .  :  .i  i  r<  i-  t  •  •  rm  i  in  d  symbol  shape.  The  color  bar  is  self-explanatory.  The  "BIT 
•  Vi!  I  il*  ;*v,end  is  inscribed  in  an  occluded  rectangle.  (Recall  from  Figure  1  that 
'.-•a  under  Mu-  rectangle  is  a  "no  feature**  area  -  black.)  BIT  status  is  also 
. i  ;•.»:•  d  in  l  In  r«  •«■  t  ang  1  e :  "GO"  for  successful  completion,  and,  if  possible  to  dis- 
I  .i '.  ,  .  ■  p  ^  Ik  r  a  detected  fault.  This  display  format  concludes  the  initiated  BIT 

-•  ;  -  .  Re  ilii-plaj  will  remain  as  active  video  until  the  system  is  commanded  to  exit 

tin-  initialed  BIT  rr.ode.  During  the  initiated  BIT  sequence,  the  results  of  BIT  status 
■  ei*  ln.-i-ly  available  through  the*  multiplex  bus  interface.  Also  note  that  after 
’  i  .  te-.rs  are  complete  and  the  system  begins  the  generation  of  the  synthetic 

a.  .  i  with  Me  reading  of  l  he  test  pattern  block  from  tin*  tape),  periodic  BIT  is  also 
r.f  *  i .  'Hut*  tore,  status  available  ovo"  the  bus  also  includes  periodic  BIT  results 
.in  i;  i  •  ■  r  i  •  *i  l  !•  i  f  i  .->  ac  t  i  ve . 

’  he  liria!  **l*-m«-nt  of  built-in  test  involves  the  video  generation  circuitry  itself.  Recall 
’:.at  ‘In*  digital  map  sjstem  under  discussion  includes  all  final  outputs  necessary  to  drive 
i  ci  :<>r  J.'.e  lav,  but  doe.*  not  include  the  CRT  itself.  Because  of  the  subjectiveness  of 

!  ■■  tut**-  quality,  the  test  for  tin*  video  circuits  is  a  simple  test  pattern  approach. 
I'.-  1 1 1 •  uc»-  itself,  involving  the  observer,  is  structured  to  easily  incorporate 

•  oil;  isolation  in  the  event  an  'iiomaly  occurs.  If  the  fault  is  uniquely  associated  with 
it.  v  ill-*  ’.  in  rat  ion  circuitry,  i.e.f  the  fault  is  not  detected  by  the  digital  map  system 
M:-*  ;l,  f  h*  -i:  a  >i  ra  uju  turwanl  tabular  approach  is  used  for  fault  isolation.  The  l’ollow- 
i  tr  .t  e\.-i:i;’l  !  :  n*.s  this  approach. 


•  No  video 

•  Elevation  parameters  incorrect 

•  Sun  angle  shading  problems,  but  elevation 
shading  OK 

•  No  symbology 

•  Incorrect  symbology 

•  Incorrect  colors 


Faulty  Module 

•  Output  display 

•  Klevation  processor 

•  Slope  shade  processor 

•  Output  display 

•  Pixel  plotter 

•  Output  display 


The  remote  map  mode  is  the  last  major  mode  to  be  discussed.  In  this  mode,  the  digital 
map  system  is  capable  of  displaying,  on  command,  a  scene  of  a  remote  area  not  currently 
being  overflown.  The  remote  display  may  be  automatically  programmed,  via  the  multiplex 
bus,  to  occur  at  a  specific  aircraft  position  (such  as  a  waypoint)  or  at  a  prescribed 
time.  When  the  command  occurs,  the  system  reconstructs  the  scene  from  one  scene  memory 
while  the  other  memory  continues  to  display  the  plan  view  of  the  terrain  under  the  air¬ 
craft.  As  soon  as  the  remote  scene  is  reconstructed  (requiring  a  few  seconds)  the  remote 
seem-  may  be  displayed  on  the  aircraft  CUT.  This  scene  may  also  be  slewed  by  the  pilot's 
command  so  that  other  terrain  in  the  vicinity  may  be  viewed.  Since  the  remote  scene  is 
not  correlated  to  aircraft  position,  it  is  of  necessity  a  static  scene  which  does  not 
n.ove  unless  it  is  commanded  via  a  slew  command  input.  The  usefulness  of  a  remote  scene 
display  may  be  left  to  the  imagination;  a  few  typical  uses  are  as  follows: 

•  Display  of  a  target  area  to  refresh  the  pilot's  recollection  of  details 

•  Display  of  the  area  around  a  recently  located  threat  to  allow  the  pilot  to 
determine  possible  evasive  action 

•  Display  of  an  area  containing  friendly  force  locations 

•  Display  of  alternate  destinations  or  targets. 

I  8 KFLLNK8G  OF  THK  SF1.F-C0NT  A 1 NKD  SYMBOL  GENEHATOIt 

A  Di  i'-I  discussion  ol  the  myriad  of  uses  of  the  digital  map  system's  symbol  generator 
will  give  the  reader  tin  insight  into  its  unlimited  potential.  The  symbol  generator 
draw."  all  point  feature  symbology  and  all  other  al phanumerics  on  the  digital  map, 
as  well  a.,  a  variety  ol  graphics  limited  only  by  the  capability  of  the  PKOM  storage 
library.  Tile  symbol  generator  presents  all  text  and  symbols  in  readable  screen-up 
orientation,  but  symbols  may  also  be  made  to  rotate  if  their  specific  geographical 
orientation  has  a  unique  meaning.  For  instance,  an  aircraft  symbol  on  a  north-up 
iisplay  would  immediately  cue  the  pilot  as  to  his  aircraft  heading  relative  to  the 

I I  •!•  ra  i  n  . 

A  typical  example  of  an  overlay  of  point  symbols  and  graphics  on  a  digital  map  display 
is  shown  m  Figure  s .  Approximately  four  characters  of  text  may  be  associated  with  each 
point  teature.  The  shape  of  the  symbol  provides  a  generic  identification.  The  text  is 
used  to  provide  additional  data  as  required.  The  color  of  the  symbol  and  text  may  be 
specified  independently.  A  circle  centered  on  the  point  feature  may  be  specified  to 
indicate  an  area  of  influence  surrounding  the  feature.  The  radius  of  the  circle  may- 
lie  specified.  To  increase  the  visibility  of  the  point  feature  when  superimposed  on  the 
map,  an  occlusion  gone  may  be  specified  around  the  symbol  and  text.  This  zone  will  block 
out  the  map  data  to  provide  a  featureless  background  for  the  symbology,  greatly  enhancing 
it-,  legibility.  Figure  8  shows  occlusion  zones  around  point  features  and  text.  Flight 
plate,  arc  indicated  by  connecting  point  features  together  with  straight  lines.  The 
.symbol  Dencrator  organization  permits  changing  the  point  features  in  real  time.  Points 
■nay  be  added  to  or  deleted  from  the  flight  plan  at  any  time.  Commands  to  edit  the  list 
ol  point  features  may  be  received  via  the  multiplex  bus.  Also,  multiple  flight  plans 
may  in-  stored,  with  selection  made  at  run  time.  The  Symbol  Generator  gathers  data  from 
•.  in  multiplex  bus  once  each  50  ms.  It  ensures  that  all  data  transmitted  over  the  bus 
is  displayed  even  though  that  data  is  changing  each  50  ms  period. 

.-'.ml.  •I'-gy  may  lie  changed  in  real  ime  to  reflect  now  events.  New  enemy  threat  positions, 
now  posit  ii  ns  ol  Inendlv  forces,  and  other  similar  data  may  be  entered  by  the  pilot  or 
automatically  updated  over  the  multiplex  bus  by  a  radio  link.  This  flexibility  allows 
tile  unchanging  basic  terrain  data  base  to  be  brought  to  the  most  current  state.  The 
. Omi  I l y  to  add  text  to  a  symbol  provides  an  additional  cue  for  the  pilot  and  minimizes 
.a  illusion.  In  actual  application  of  one  type  ol  digital  map  system  being  produced  by 
Harris,  the  symbol  generator  will  overlay  the  outlines  of  restricted  air  space  and  the 
'.']  ■  .ign  ;  ot  navigation  radios  and  airports.  These  are  only  a  few  examples  of  the 
.'iexibility  inherent  in  the  Harris  digital  map  a  rehi  tec  t  tire . 
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availability  has  already  been  shown,  through  the  design  of  the  Harris 
"  be  the  source  of  many  modes  of  visual  display  of  the  terrain.  The 
he  digital  map  provides  an  overlay  of  text  and  graphics  which  further 
ol  the  display.  Display  ol  any  two-dimensional  information,  such 
"f  1  op  it  ■>  ol  ordinary  paper  maps,  it.  also  possible  with  the  digital 
let  y  ol  visual  prosenlat  ions  presents  a  challenge  to  determine  which 
logy  is  Dest  for  a  part  icular  type  of  mission,  or  tor  any  part  of  a 
ration  ol  a  plattimetric  view  of  terrain  is  only  one  of  the  many 
1  map.  this  section  will  cover  the  other  applications  as  well,  con- 
olutionary  new  capabilities  which  may  be  added  to  an  aircraft  avionics 
ital  data  bast-  and  a  properly  designed  digital  map  system. 


•  Is-vi-w  «>/  Vi.ual  Display  Applications 

1  iir  v.ir;  »u.>  display  modes  and  features  have  been  covered;  their  potential  applications  are 
i '  r  •  *  >•  nted  in  this  section.  First  the  terrain  display  will  be  addressed.  It  is  clear  that 
I’:.-  c  Cor  display  provides  terrain  information  not  easily  extracted  from  standard  paper 
and  that  the  ability  of  the  map  display  to  move  under  the  aircraft  at  the.-  aircraft 
groiint  speed  lr<>es  the  pilot  1  rom  any  need  to  handle  documents  in  the  cockpit.  From  the 
“l-  vat  on  chiding  and  artificial  sun  shading,  the  pilot  grains  a  " f cm*  1  for  the  real 
t  \?  i:-  • ■  I  th<  terrain.  In  night  flight,  such  a  display  coupled  with  radar  serves  to 
:  :»pn»vv  '.tie  pilot's  confidence  in  his  knowledge  of  the  surrounding  terrain.  Placing  the 
in  the  "height  above  terrain"  mode  gives  an  even  more  graphic  indication  of  rcla- 
:i\>  id  l  it  ad*  ■ ,  as  the  portions  of  terrain  at  and  above  the  pilot's  altitude  take  on  a 
:i  t  nu't  ivf  color.  As  the  pilot  climbs  or  descends,  the  display  patterns  shrink  or  grow 
’  in.  n  real-time  indication  of  relative  altitude.  All  "area"  features  such  as  lakes 

:<  ,  .i : : .  i  cities  are  identified  in  unique  colors  readily  associated  with  each  feature. 

A:--.:  a  r«  lurther  subdivided  in  classes  which,  m  the  digital  processing  archi- 

t”'.*  ;:-  ,  c.:n  deleted  or  decluttered  at  any  time.  Fxamplos  of  such  (.Masses  are  as 

•  Village-  •  Fresh  lake  •  Deciduous  forest 

•  i’.iwn  •  Dry  lake  •  Coniferous  forest 

•  City  •  .Salt  lake  •  Scrub  forest 

bat  a  1:1  tiff  DMA  data  base  also  allows,  fur  instance,  the  identification  of  ridge  lines  and 

\ . .!  ■  .  i  drain  lin«s.  These  features  oocas  i  on  a  1  1  y  provide  distinctive  identification 

t  .  •  r t  :i  i  a  t  y p-  o !  t  <  •  rra  i  n  . 

A  .  .  .  i  : .  : !.  .it  :i  r«  c.  .-.ueh  as  roads,  rivers,  railroads,  and  power  lines  are  displayed 

.  : .  *  pi*-  o »  1  o  i*s .  As  with  f  h*  area  IV -a  lures,  the  linear  features  are  elassi- 

ii;’1  r:.a:c.  c  .i  f  r  1  •  •:■»  to  a  1  1  uw  .ejection  or  deletion.  An  example  uf  such  c  a  t  ej  ;o  r  i  es 

-  .  i.  e.  ,  t  ■  1  lows: 

•  1  .  r  :  is  h  i  gb  ways 

•  1.  i.i;l.w,:\  /expressway s 

•  ;  I  :  1  ,  pav.  d 

•  1  •  ;  i  ■  •  ‘  T  wi  r  •  arte  n  ad> 

•  ii'.i. 

;•••*.  .if!  i;  -•  :  -r  l«-d  .(  ur.iqut  ■  •  r  -ti -•  s<>  i  hat  they  may  be  quickly  located  in  t  he  display, 

;aiqu»-  mlor  assignment. 

.  :  g«-s  may  be  t'd  from  a  large  number  •*!  rso  l.il>h’  scale.,  and  scale 

i-  :  :  -  \  i  ■  .  M  \  d.  i .-u.---.ed  U!  »  h  i  •  pipi  r.  The  pilot  may  «  liens,  to  fly  normally  with 
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■i  diipluv  scale  of  about  1 13 km  x  12  km  to  21km  x  2-lkm,  according  to  interviews  with  various 
pilots.  At  a  nominal  ground  speed  of  -100  knots,  the  pilot  flies  across  these  display 
sixes  in  one  to  two  minutes.  This  rati-  of  display  movement  seems  to  be  in  the  most  satis¬ 
factory  range.  A  much  large  area  display  may  be  called  up  to  orient  the  pilot  to  the 
lutal  mission  area  or  to  provide  additional  peripheral  information.  The  use  of  color 
plus  minimum  linear  feature  widths  of  two  pixels  will  always  provide  more  information 
in  a  iarge  area  display  than  is  needed  or  desired;  this  is  analagous  to  attempting  to 
shrink  a  lull-size  (about  0.6  x  1  meter)  tactical  pilotage  chart  toa. standard  airborne 
display  size  of  5  x  5  inches  (12.7  x  12.7  cm)  and  then  trying  to  read  all  the  information 
on  it.  borne  form  of  automatic  declutter,  therefore,  is  normally  advisable,  leaving  only 
l he  key  features  one  would  normally  seek  on  a  large  area  display.  The  system  may  be  pro¬ 
grammed  to  retain  only  the  key  linear  and  area  features  for  very  large  display  areas 
(usually  any  display  coverage  of  more  than  2d  x  24km  will  benefit  from  some  amount  of 
d"c  1  ut  ter  ) . 

If,  in  planning  the  mission,  the  pilot  knows  ahead  of  time  that  he  will  be  interested  in 
certain  terrain  display  modes  and  certain  key  features,  he  may  program  the  type  of  dis¬ 
play  to  conform  to  his  specific  interests.  The  display  can  be  programmed  to  change  auto¬ 
matically,  based  on  an  elapsed  mission  time  or  on  passing  a  preset  latitude  or  longitude. 

A  remote  display  may  also  be  programmed  to  occur  automatically,  as  previously  mentioned. 

In  a  digital  map  system  with  the  capability  to  display  digitized  paper  maps  or  photographic 
data,  a  preselected  view  of  the  image  may  also  be  automatically  displayed.  The  capability 
to  show  an  actual  reconnaissance  photo  of  the  target  area,  for  instance,  acts  as  an  imme¬ 
diate  update  of  the  pilot's  memory.  The  target  terrain  or  photo  image  may  even  be  over¬ 
laid  with  specific  symbols  and  routes  by  preprogramming  of  the  symbol  generator  as  well. 
Where  data  may  become  available  only  after  a  mission  is  planned,  it  is  still  possible 
to  update  the  digital  map's  data  base  by  means  of  a  data  link  or  by  manual  pilot  entry. 

New  targets,  threats,  vertical  obstructions,  or  any  other  data  may  be  keyed  or  linked  into 
the  system  at  any  time.  New  points  of  interest  identified  by  the  pilot  during  a  mission 
may  be  entered  into  the  mass  memory  for  retrieval  and  debriefing  upon  his  return.  This 
...pi  ration  is  normally  accomplished  by  means  of  slewing  a  cursor  to  the  point  and  keying 
in  a  "mark  point”  notation.  Many  aircraft  already  have  such  a  capability;  if  they  do  not, 
tie-  digital  map  system  software  can  accommodate  the  generation  and  trackin''  of  a  cursor 
provided  that  a  means  of  pilot  control  exists. 

lie  symbol  generator  capabilities  described  earlier  may  be  applied  to  a  tactical  mission  i  :i 
many  ways.  The  capability  to  produce  any  form  of  alphanumeric^  permits  the  display  ol  such 
i  1 1  -ms  as  eh--  k  lists  or  special  instructions.  Messages  may  even  be  linked  to  the  aircraft 
displayed  on  the  CUT.  Other  status  information  or  warning  information  may  In-  displayed, 
u.  standard  abbreviated  notations  stored  in  the  symbol  generator's  memory.  The  display 

ol  approach  plates  for  an  airfield  may  be  accommodated  by  calling  up  a  digitized  image  of 
lie-  approach  plate;  again,  this  kind  o.  capability  greatly  reduces  the  pilot's  workload. 

[n  aircraft  with  the  capability  to  transmit  basic  flight  parameter  data  over  the  multi¬ 
plex  bus,  the  symbol  generator  in  the  digital  map  will  display  an  electronic  image  ol 
e  lected  flight,  instruments.  Harris  is  currently  demonstrating  an  integrated  flight 
display  in  one  ol  its  digital  maps;  this  display  includes  the  attitude  indicator  as  well 
a.-,  airspeed,  altitude,  heading,  and  key  steer  point  data.  Other  functions  and  parameters 
are  easily  add'd,  as  are  other  flight  or  engineering  instruments.  Another  use  of  the 
•.ymbo!  gene  rotor  is  for  weapons  status  display;  a  color  graphic  display  of  weapon  loca- 

•  mu  and  status  may  be  employed  to  aid  the  pilot  during  the  mission.  As  already  noted, 
way pe i uls  displayed  by  the  symbol  generator  may  be  linked  in  a  selected  order  with  a  route 
line,  and  the  route  or  waypoints  may  be  changed  at  any  time  during  the  flight.  For  in- 
-lauce,  a  '  linage  during  flight  to  an  alternate  target  or  a  different  route  could  normally 
"u:,ii!  a  lot  of  "floi-t  on  the  part  of  the  pilot.  With  the  digital  map's  symbol  generator, 
alternate  routes  and  waypoints  may  be  stored  ahead  of  time  or  entered  in  real  Liiao  to  pro¬ 
mo  an  iir.miuiatc  display  of  the  new  route.  A  scale  change  to  a  large  display  area  could 

made  : "  .-h"w  all  or  much  of  the  new  route.  Other  display  capabilities  of  the  symbol 
g-  a  t  •  r- i  *  •  r  w  i  ’  1  be  covered  ill  the  remaining  review  of  applications  ol  the  digital  mail's 
.a;  al.i  Ilia  . 

•  rvit-w  ol  TF/TA  Applications 

I  h-  ,i  premising  use  of  the  digital  map  is  not  in  its  ability  to  displ  /  the  terrain; 
if  fh.it  were  all  it  could  do,  it  would  otter  little  advantage  over  film  readers  or  simple 
!  i  g  i  ’  I, '"I  pap*,  r  maps.  by  far,  the  most  exciting  application  is  the  use  of  the  elevation 

■  i  iti.-n.,  ;o:i  to  increase  mission  effectiveness.  An  immediate  benefit  can  be  gained,  for 

is  lane-,  in  ".TYTA  I  light  regimes,  when  th"  digital  map  can  provuh  terrain  profile 
cit.i  m  I'lil  ii'ii  t",  or  in  plaei-  of,  a  "iilnr  system.  In  this  application,  the  digital 
hi’, i  t’i-"C-  :  .s'-d  by  the  system  acts  a  .  a  new  sei-sor,  providing  t- 'iTa  in  elevation  to 

'I.-  I  Mi  !.'.  ■’itlr-'l  system  through  tin-  I  light  computer.  for  first  t  ime ,  a  pilot  can 

-  -'i:  f  ■  ’  t*  lie  i"i.e<l  i’i  cl  ti  dene .  ■  in  hi  i  position  during  low-love1  night  attack  missions 

.  I'..  w  aiii-r  or  terrain.  Til*  I  i|  lowing  discussion  will  prose",,  an  overview  of  TF/TA 

a;.'  .  a'o-n  ;  -.;•■(  I'io  ainralt  dyne:.i<  -*r  conti*"!  law  res’  i  ■  i  - 1 .  i  on  ,  are  not.  addre.  c  <! 

:  Sis"  Ml"  :  I'lil  I  p  1  -.  -  '  I  t  Is  digital  map  applies  to  all  o  n  "  - . 

’  tin  ■  i  •  v  •  ■  1  c-ni'lit  -if  th'-  digital  map  system,  the  prim  ry  sensor  in  TF/TA  Might  w;r 

th-  rod.tr  te-i.  ,V  i  •  h  •  h"  addition  of  the  digital  map,  1  he  radar  nay  lie  either  r<  le¬ 
va  •  -  i  I  -  -  a  . '  .  -  v  i  t  1 1  ■  :  1  role  or  (  i  n  i  Is  ideal  oa  s-  >  e  1  i  m  i  na  I  '-d  romp  1  •  - 1  o  1  \  .  Pr.-i-t  ii  u' 

•  ;  1 1.-  ,  l  a  t  e  *  i  f  Me  -  i  rt  will  1  -  -  a  1  to  a  iioni'hisinii  that  total  elimination 

■  *  '  i  t  r  'i.ir't  i  ,  unMki  ly.  In  practical  near-term  application,  I  lie  dig: fa' 

••  >  w  M  . up  p  1  •  re  n  ;  the  radar  data  aim  provide  a  .-'solidary  input  for  : 

re!  :  no  1  .  Me  flight  ■  m. pilfer.  Where  Me*  digilal  map  is  used,  the  radiated  mi-- 
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power  and  tin-  frequency  of  radar  scans  may  be  reduced  considerably,  lessening  the  proba¬ 
bility  ot  electromagnetic  detection  and  thereby  increasing  survivability. 


a. -Vera!  techniques  have  been  suggested  by  various  authors  for  the  application  of  digital 
terrain  data  to  TF/TA  flight.  Any  set  of  algorithms  used  to  define  a  TF/TA  methodology 
will  possess  some  basic  characteristics: 

-  Access  to  terrain  elevation  data  at  a  specified  frequency 

-  Processing  of  terrain  elevation  inputs  in  accordance  with  TF/TA  equations 

-  Application  of  the  calculated  results  to  the  aircraft  flight  control  system. 

The  obvious  purpose  of  the  TF/TA  process  is  to  optimize  the  aircraft  path  over  a  nominal 
course  while  maintaining  a  specified  terrain  clearance.  The  TF/TA  equations  all  seek 
to  maintain  the  set  clearance  by  maneuvering  the  aircraft  within  a  set  of  geographical 
and  flight  dynamics  related  constraints.  The  Harris  digital  map  system  not  only  provides 
the  required  access  to  terrain  elevation,  but  also  performs  the  computations  in  one  of 
its  auxiliary  processor  modules.  The  results  of  computation  are  then  passed  to  the 
flight  computer,  where  they  are  combined  with  results  calculated  by  the  radar  system 
in  a  weighted  computation.  Of  course,  other  sensor  inputs  are  also  used  to  arrive  at 
a  solution  to  the  control  equations. 

In  one  TF/TA  mechanization,  the  reference  path  is  established  as  a  line  segment  between 
two  waypoints.  The  aircraft  enters  the  path  segment  at  the  first  waypoint,  where  the 
algorithm  is  activated.  The  aircraft  path  is  then  under  TF/TA  flight  control,  with  the 
digital  map  processor  providing  the  necessary  computations.  A  continuously  updated  data 
patch  of  about  14  x  14km,  roughly  centered  around  the  aircraft  position,  is  maintained 
in  the  digital  map  memory.  Since  the  elevation  of  horizontal  "posts”  or  points  within 
this  data  patch  is  immediately  available  to  the  processor,  there  are  no  scan  angle 
conversions  involved  in  determining  elevation.  The  system  looks  ahead  continuously 
(at  a  5  Hz  rate)  to  pick  up  elevation  points  within  a  nominal  corridor  around  the  refer¬ 
ence  path.  The  decoupled  TF/TA  algorithm  in  this  example  adds  a  heavy  penalty  as  the 
aircraft  moves  away  from  the  reference  path  and  toward  the  edge  of  the  corridor.  Look 
ahead  distances  up  to  about  4  miles  (6.4km)  are  used.  Simulations  of  the  algorithm 
using  digital  map  data  have  shown  that  the  nominal  processing  load  on  the  auxiliary  pro¬ 
cessor  is  well  under  50  percent.  The  decoupled  TF/TA  algorithms  operates  by  selecting 
TA  (lateral)  commands  through  extraction  of  an  optimum  close-in  path  (about  3km  long) 
from  a  family  of  possible  choices,  based  on  terrain  avoidance  and  aircraft  flight  enve¬ 
lope  const ra  in ts .  The  TF  (vertical)  commands  are  generated  by  looking  ahead  along 
the  current  heading  and  determining  the  elevation  of  points  under  the  ground  track  for 
that  heading.  The  appropriate  vertical  rate  command  is  issued  to  maintain  the  aircraft 
altitude  at  the  desired  level. 

The  particular  advantage  of  the  digital  map  system  is  that  it  provides  access  to  all  points 
in  the  data  base  and  is  not  subject  to  the  limitations  of  terrain  shadowing  inherent  in 
microwave  or  optical  radar.  Since  radar  cannot  see  around  the  hills  and  cannot  always 
be  pointed  ahead  of  a  turn,  the  digital  map  can  provide  heretofore  unavailable  information 
to  improve  TF/TA  maneuvers.  Iligh-g  turning  maneuvers  are  especially  enhanced,  particular¬ 
ly  in  rugged  terrain.  Where  large,  abrupt  transitions  of  terrain  contours  occur  in  a 
horizontal  or  near  horizontal  turning  plane,  the  digital  map  can  generate  more  timely 
TA  signals,  reduce  the  resultant  "g"  load,  and  smooth  the  overall  ride.  In  the  same 
way,  the  TF  maneuver  can  be  smoothed  by  evaluating  transitions  between  successive  points. 
The  protile  of  a  TF  flight  path  is  easier  to  visualize  and  illustrate.  As  indicated  in 
Figure  9,  a  profile  involving  steep  transitions  will  cause  radar-aided  TF  to  contain 
unnecessary  control  actions  when  compared  to  the  profile  which  can  be  generated  by 
the  digital  map.  The  processing  sequence  to  achieve  this  benefit  contains  the  following 
major  steps,  all  performed  by  the  processor  module  inside  the  digital  map  system: 

(1)  Locate  the  highest  terrain  within  the  area  of  the  projected  heading  and  provide 
a  scaled  TF  command  for  a  path  to  fly  over  it. 

(3)  Store  and  compare  cnroule  negative  slopes  within  the  scan  area  to  an  established 
maximum  negative  slope;  retain  the  position  of  all  slopes  greater  than  maximum. 

(3)  Provide  modifications  to  the  basic  TF  command  output  when  reaching  the  locations 
defined  in  (2)  above. 

Obviously,  the  purpose  of  a  second  order  algorithm  incorporating  the  above  steps  is  to 
avoid  the  useless  control  inputs  which  would  result  from  forcing  the  aircraft  to  begin 
a  downward  corrective  maneuver,  then  to  have  an  upward  corrective  signal  follow  because 
of  the  rising  terrain  past  the  negative  slope.  It  is  the  ability  of  the  digital  map 
system  to  see  this  negative  slope  that  provides  the  clear  advantage  over  radar  alone. 

It  the  vertical  plane  profile  shown  in  Figure  9  were  turned  90  degrees  and  the  same 
type  of  approach  were  applied  to  a  high-g  turn,  it  is  easy  to  see  how  the  TA  algorithm 
could  also  be  modified  for  a  smoother  ride. 

IP  cause  of  inherent  small  inaccuracies  in  the  existing  digital  data  base,  it  is  unlikely 
that  an  aircraft  will  ever  operate  autonomously  on  digital  inap  data  in  TF/TA  flight. 
However,  it  should  be  emphasized  that  when  the  TF/TA  mode  is  combined  with  an  autono¬ 
mous  navigation  mode  using  the  digital  map  (to  be  covered  in  the  following  section),  true 
autonomous  TF/TA  could  be  achieved  with  a  perfect  data  base.  Even  considering  the  exist¬ 
ing  imperfections,  the  DMA  I)LMS  Level  1  data  base  is  quite  acceptable  for  radar-u  j  dod 
digital  map  Ilight,  and  DMA  is  continuing  to  improve  the  quality  of  the  data.  Another 
positive  factor  is  that  the  relative  accuracy  of  terrain  elevation  points  in  the  DMA 
lata  appears  to  he  consistently  better  than  the  absolute  accuracy;  and  it  is  the  relative 
accuracy  which  counts  most  in  TF/TA  or  autonomous  navigation.  The  most  likely  uselul 
ippliation  of  digital  terrain  data  in  the  next  ten  years  is  to  combine  with  radar  for 
"tt-r  low  level  flight,  and  to  allow  the  forward  looking  radar  power  and  repetition 
rale  !.i  be  greatly  reduced.  The  algorithmic  approach  being  further  investigated  by  Harris 
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is  the  use  of  digital  terrain  data  for  distant  elevation  or  negative  slope  information, 
combined  with  low  power  radar  for  confirmation  of  altitudes  over  terrain  at  close  range. 

The  reduction  of  radar  power  and  repetition  rate  means  that  nearly  covert  flight  is 
a  real  possibility.  The  combination  of  position  update  via  GPS  inputs,  terrain-aided 
navigation,  and  nearly  covert  TF/TA  will  provide  a  powerful  tool  which  should  significantly 
improve  survivability  in  most  missions. 


FLIGHT  PATH  PROFILES 


RADAR  ONLY 


-  ‘.'■yVr? 


-  DIGITAL  MAP 
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TF/TA  calculations  in  support  of  other  aircraft  subsystems  have  been  briefly  covered. 

There  is  also  the  consideration  of  TF/TA  display  to  increase  pilot  confidence  as  well 
i.-  to  improve  mission  performance.  The  plan  view  TA  display  showing  all  terrain  above 
the  aircraft  altitude  has  already  been  mentioned.  A  perspective  view  display  is  also  a 
;»_>ssibi l ity  and  will  be  discussed  separately.  On  either  of  these  displays,  additional 
v. r.ipliics  and  alphanumeric  notations  may  be  added.  Some  examples  of  these  displays  are 
as  f o 1 1 ows : 

-  A  real-time  calculation  of  distance  to  collision  at  present  altitude  can  be  made 
by  the  digital  map  system's  TF/TA  processor.  In  the  simplest  implementation,  the 
distance  to  the  nearest  terrain  within  a  few  degrees  of  current  aircraft  heading, 
and  at  the  current  aircraft  altitude,  is  continuously  calculated  and  displayed. 
Combined  with  the  radar  information  available  to  the  pilot,  this  additional  data 
provides  an  improvement  in  pilot  confidence,  especially  in  night  missions. 

-  A  vertical  elevation  profile  of  the  planned  mission  may  be  prepared  during  mission 
planning  and  stored  in  the  digital  map  system  for  display.  The  profile  would  indi¬ 
cate  in  distinctive  colors  both  the  terrain  outline  and  the  planned  flight  path  as 
viewed  by  cutting  a  vertical  plane  through  the  flight  path.  During  flight,  the  air¬ 
craft's  actual  position  relative  to  the  profile  would  be  indicated  by  a  moving 
symbol. 

-  During  flight,  preselected  distinct  features  capable  of  being  seen  by  radar  and  also 
stored  in  the  digital  data  base  could  be  compared  in  position  and  their  correlation 
shown  on  the  plan  view  map  display.  There  are  many  ways  to  accomplish  this;  one 
approach  is  to  use  small  circles  of  different  colors  to  indicate  the  positions  of 
the  feature  as  viewed  by  the  radar  and  digital  map.  The  congruency  of  these  circles 
would  again  improve  pilot  confidence  in  his  position. 

•  Overview  oi  Autonomous  Navigation  Applications 

In  the  third-generation  digital  map  system  described  in  this  paper,  there  are  three  vacant 
processor  module  spaces  available  for  growth  functions.  Insertion  of  one  processor  module 
and  the  appropriate  software  gives  the  system  the  capability  to  perform  all  calculations 
necessary  for  operation  of  the  aircraft  in  the  autonomous  navigation  mode.  The  SITAN 
.Sand la  Inertial  Terrain  Aided  Navigation)  algorithm  developed  by  Sandia  Laboratories 
his  been  implemented  and  will  be  flight  tested  in  1985.  The  SITAN  algorithm  is  a  Kalman 
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Filter  approach  which  utilizes  the  digital  map  data,  a  radar  altimeter,  and  an  Inertial 
Navigation  System  (INS)  to  calculate  aircraft  position.  Whereas  typical  unaided  INS 
positions  may  vary  by  several  kilometers  per  hour,  the  S1TAN  algorithm  has  the  potential 
reducing  the  position  error  to  loss  than  100  meters.  Considering  that,  the  aircraft 
may  not  carry  a  OPS  receiver  and  that  the  digital  map  system  may  be  carried  for  other 
reasons,  the  addition  of  the  autonomous  navigation  capability  is  essentially  a  free 
enhancement  with  tremendous  payoff  in  improvement  of  navigation  accuracy. 

The  addition  of  a  standard  processor  module  in  an  available  space  in  the  Harris  digital 
map  system  provides  the  capability  described  above.  Figure  10  illustrates  the  processing 
! low.  The  data  base  for  the  algorithm  resides  in  the  processor  module  memory,  which 
provides  a  terrain  elevation  update  for  processing  at  approximately  a  3  Hz  rate.  New 
data  from  the  terrain  data  base  are  added  for  each  100  meter  increment  traversed  by  the 
aircraft,  and  "old"  data  (terrain  already  behind  the  aircraft  and  out  of  range)  are 
dropped  from  the  memory.  This  continuously  updated  elevation  information,  configured 
in  a  70  x  70  point  array  with  the  points  100  meters  apart,  is  summed  with  radar  altimeter 
data  and  fed  to  a  Kalman  filter  array.  Once  the  aircraft  position  has  been  acquired 
(i.e.,  covariance  values  are  small)  the  filter  array  is  replaced  by  a  single,  more  robust 
filter  centered  on  the  aircraft  position.  This  filter  then  provides  a  position  error 
estimate  to  the  INS  summing  junction.  Simulations  with  flight  test  data  have  shown  that 
position  errors  less  than  50  meters  may  be  achieved. 

Other  terrain-aided  navigation  techniques  have  been  evaluated  and  analyzed  by  Harris, 
ami  several  reports  have  been  published  comparing  their  effectiveness.  It  is  not  the 
purpose  of  this  paper  to  assess  the  various  techniques,  but  rather  to  demonstrate  that 
one  lairly  well  established  technique  (SI TAN )  can  be  handled  easily  within  the  architec¬ 
ture  ol  the  digital  map  system.  The  required  code  is  about  7  kilobytes  of  local  RAM, 
well  within  the  capacity  of  the  Harris  IiMO .  In  the  acquisition  mode,  when  the  entire 
l liter  array  is  being  processed,  the  loading  on  the  processor  module  is  about  50  percent, 
la  the  track  mode,  where  only  one  filter  is  operating,  the  processor  loading  is  well 
i..* :  i,.w  bo  percent.  In  fact,  it  is  feasible  to  utilize  the  same  processor  module  for  both 
1TAN  and  TF/TA  computations.  The  system  architecture  utilizes  the  same  data  point  array 
lor  both  types  of  calculations.  If  these  processes  were  performed  outside  the  digital 
map  system  by  other  aircraft  computers,  this  kind  of  efficiency  could  never  be  achieved. 
Nor  could  the  data  be  easily  transmitted  and  updated  at  100  meter  intervals  without 
sigmlicam  replication  of  digital  map  system  processing  by  the  object  computer,  not 
to  mention  the  necessity  for  sending  very  high  rate  data  (for  which  a  standard  bus  con- 
’tguration  does  not  exist  in  most  aircraft). 

•  Overview  ol  Threat  Analysis  and  Display  Applications 

A  true  optimized  path  calculation,  taking  into  account  all  relevant  parameters  such  as 
tun  ;ii  envelop",  threat  directionality,  threat  response  time,  probability  of  aircraft 
do'ovtion,  ami  aircraft  speed/altitude,  is  a  formidable  task  which  is  typically  approached 
only  in  computer  simulations  by  techniques  such  as  dynamic  programming.  Such  a  calcula- 
i  lot.  in  real  Lime  is  beyond  the  practical  capability  of  any  on-board  aircraft  processor. 
Ideally,  however,  this  type  of  processing  would  be  used  to  minimize  exposure  to  threats 
and  to  improve  survivability.  It  is  possible,  though,  to  perform  some  much  simpler 
processing  by  use  of  the  digital  map  system,  and  to  combine  that  processing  with  pre¬ 
viously  prepared  mission  planning  data  to  yield  an  effective  solution  to  threat  avoid- 


The  first  step  in  threat  avoidance  is  taken  during  mission  planning.  With  the  aid  of  a 
Mi. -si  n  PI anning/Evaluation  System  (MPES)  including  appropriate  software,  it  is  possible 
'■  periorm  analysis  of  optimum  flight  routes.  The  MPES  architecture  and  design  concept 
■g"  c  'Vered  in  a  later  section.  On  the  assumption  that  some  type  of  initial  planning 
car.  m  accomplished,  the  use  of  the  digital  map  system  on  board  the  aircraft  begins 
with  the  further  processing  and  display  of  data  generated  during  the  mission  planning 
phase.  It  is  reasonable  to  assume  that  even  rudimentary  mission  planning  has  produced 
the  following  results: 

-  Identification  of  preferred  route(s)  for  the  mission. 

-  Identification  of  known  threats  and  their  lethality  envelopes  for  likely 
penet  rat  ion  parameters . 

-  Cataloging  of  the  characteristics  and  likely  locations  of  other  unknown  but  high 
probability  threats.  With  this  amount  of  preprocessing,  appropirate  data  is  avail¬ 
able  lor  storage,  further  analysis,  and  display  by  the  digital  map  system. 

Storage  of  the  previously  known  information  described  above  can  be  accommodated  in  the 
i:;a  s  memory  ol  the  digital  map  system,  and  certain  shapes  and  outlines  also  may  be  allo- 
.  at.  d  to  the  symbol  generator  memory.  As  the  known  threat  positions  are  approached,  the 
display  ol  lie-  threat  envelope  may  be  railed  up  by  the  pilot  or  automatically  displayed 
m  accordance  with  a  programmed  event.  It.  Is  not  the  known  threats  which  present  the 
greatest  problem,  however,  under  conditions  of  a  predetermined  mission  profile.  It  is 
tic  new  or  unexpected  threat,  or  a  significant  deviation  from  the  preplanned  route, 
that  presents  tii"  pilot  with  a  dilemma.  It  is  for  this  situation  that  the  processing 
capability  in  'he  digital  map  system  may  be  used  most  effectively.  The  recommended  implo¬ 
re  t  a  t  ion  is  to  utilize  a  span-  processor  for  generation  of  near  real  time  intervisibility 
patterns,  ana  to  provide  the  resultant  information  to  the  pilot  in  a  form  which  will 
allow  him  to  make  a  decision  as  to  the  most  appropriate  course  of  action. 


•  ad  :  cs,  and  .-.inula!  ions  ol  i  n  t  erv  i  s  i  b  i  1  1 1.  y  calculations  have  been  made  by  Harris,  with  the 
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conclusion  that  the  intervisibility  parameter  gives  an  immediate  first-order  indication 
ot  most  threats  (assuming  line  of  sight  is  a  necessity  for  a  threat  to  be  activated).  If 
a  threat  location  is  identified  during  the  mission  and  entered  into  the  DMG  manually  or 
automatically,  the  complete  intervisibility  pattern  can  be  calculated  and  displayed  in 
about  2  seconds.  A  typical  flight  scenario  would  probably  disregard  any  processing  of 
threat  patterns  within  a  close  range,  although  this  is  always  a  possibility;  the  more 
likely  application  is  in  the  display  of  a  pattern  in  a  remote  area,  using  the  remote 
-cone  capability  of  the  digital  map  system.  The  location  of  the  new  threat  could  be 

•  nt.-red  as  the  center  of  a  remote  display,  and  the  pattern  could  be  calculated  and  dis¬ 
played  in  static  form  in  the  remote  scone.  In  that  same  scone,  the  pilot  would  bo  able 
to  observe  other  threats  as  well  as  his  preplanned  route,  and  he  would  be  able  to  make  a 
leeision  as  to  any  evasive  action.  There  is  also  a  possibility  of  developing  an  addition- 

il  i»  nalty  term  in  the  TF/TA  equation  to  take  into  account  the  added  threat,  but  so  far 
no  significant  analysis  has  been  done  to  determine  whether  this  is  a  practical  or  effec¬ 
tive  approach.  Other  threat  display  techniques  have  been  considered  for  the  perspective 
display  and  will  be  discussed  under  that  heading. 

•  ()V"rvu»  of  Perspective  Display  Applications 

it."  digital  map  system  is  capable  of  providing  all  the  data  needed  to  display  a  realtime, 

,  itch  and  roll  compensated  scene  in  perspective  to  replicate  the  actual  terrain  to  be  seen 
ay  th"  pilot  during  the  mission.  At  the  present  time,  this  capability  is  not  contained 
n.ide  the  Harris  digital  map  system  because  it  is  considered  to  be  more  applicable  to 
i.-vion  planning  than  to  in-flight  use.  However,  some  features  of  the  perspective  display 
::.a.  become  more  useful  in  flight,  and  their  operation  and  implementation  is  possible  with- 
. n  the  digital  map  architecture. 

-■in:"  the  perspective  view  is  formed  by  arithmetic  operations  on  the  basic  digital  data 
ra.  •  ,  the  source  data  for  gen  -rat  ion  of  the  perspective  scene  already  exists.  A  typical 
ii.A-.-y.  1  t  light  at  about  100  motors  above  the  terrain  will  present  a  rather  restricted 
•.i.-w  i  . i.  term--  of  distance)  in  all  but  the  most  desolate  and  flat  areas.  This  close-in 
Par.:  t.  ’•  i  -lit  may  be  utilized  to  generate  a  very  simple  perspective  view  which  includes 
e:  y.  ■nig"  line  definitions  and  may  be  easily  processed  by  an  auxiliary  processor  in  the 
digital  map  system,  plus  some  additional  processing  hardware  that  can  be  added  t.o  other 
i \  ilia!)!"  card  slots  i ti  the  Harris  digital  map  system.  Figure  11  illustrates  a  potential 
lisplay  approach,  which  is  much  more  legible  and  distinctive  when  shown  in  color.  The 
.ymbol  generator  defines  ridge  lines  extracted  from  the  data  base  and  paints  the  visible 
terrain  in  different  colors  related  to  the  terrain  distance;  lighter  colors  or  shades 
would  be  used  for  the  distant  terrain.  Figure  11  also  shows  a  concept  gaining  in  popu¬ 
larity  as  a  possible  means  of  giving  more  meaning  and  usefulness  to  the  perspective  dis- 


play.  It  inc 1  tides  a  broader  view  of  the  terrain  as  if  observed  frum  behind  and  above  the 
aircraft ,  and  it  also  shows  the  planned  flight  path.  There  remains  some  controversy  as 
to  whether  this  concept  or  an  out-of-thc  window  type  of  perspective  display  is  preferable. 


hither  display  may  also  be  considered  for  monochrome  pro  jeet  ion 
a  helmet-mounted  display. 


in  a  head-up  display  or 
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is  has  developed  and  demonstrated  a  ful 1 -capabil ity  perspective  display  system  which 
>s  me  pilot  to  pro-1 ly  his  mission  over  the  exact  terrain  to  bo  encountered.  This 
:ti  displays  the  exact  terrain  shapes  and  provides  realism  by  means  of  slope  shading 
l.tr  the  process  used  in  the  planimetric  view  map.  With  this  digital  perspective 
tutor  (DPG),  the  preparation  of  a  mission  data  base  also  becomes  the  source  of  per¬ 
il  \  e  display  for  the  flight.  Once  the  mission  has  been  planned  and  the  route  deter- 
1 ,  the  pilot  may  actually  use  the  DPG  to  fly  the  mission  in  real  time  or  accelerated 
,  including  all  pitch  and  roll  maneuvers,  with  a  completely  authentic  terrain  view 
r.-lc retire.  Generated  in  color  with  realistic  terrain  and  sky  colors,  the  DPG  image 
i  '  i  ■ to  be  invaluable  in  pre-flight  planning.  For  most  in-flight  uses,  the  DPG  is 
very  de.irable  because  it  permits  immediate  terrain  comparison  (in  daytime)  or  pro- 
.  add'd  pilot  confidence  (at  night).  A  photograph  of  the  display  is  not  included 
i  e  thi:.  paper  can  only  be  produced  in  black  and  white,  and  much  of  the  effect  of 
i- :  1.!'  is  lost,  when  shown  without  color  in  a  static  photo. 


in-'  a-  :  i.  efni  application  of  the  perspective  display  is  the  generation  of  threat  patterns, 
i.’s  .ui'h  threat.,  may  be  indicated  in  several  ways,  any  of  the  display  techniques  operates 
Irani  the  same  type  of  interv  isibi  1  i  ly  algorithm  already  discussed.  The  problem  with 
i»  tempting  to  ltsplay  a  threat  in  three  dimensions  on  a  two-dimensional  CRT  is  obvious; 
it  t  ,  ditli.ult  to  show  depth  in  the  dimension  perpendicular  to  the  face  of  the  tube. 

-ett."  ;  r  o.  t  !c,i  I  threat  pattern  displays  are  illustrated  in  Figure  12.  Others  arc  likely 
•  •  valve  i:,  more  uses  for  the  perspective  display  are  discovered. 
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Figure  12.  T\ piral  Tlircat  PaUcru  Displays  iti  PerspcctiTe 
•  Overview  of  Weapons  Delivery  Applications 

The  use  of  the  digital  map  system  to  support  weapons  delivery  is  basically  an  extension 
of  the  TF/TA  and  in  tervis  ibil  ity  capabilities  of  the  system.  Methods  ol'  enhancing  wea¬ 
pons  delivery  include  the  following: 

-  Inclusion  of  weapon  delivery  maneuvers  in  the  TK/TA  flight  plan,  with  different 
constraints  on  the  flight  envelope. 

-  Calculations  of  target  intervisibility  patterns  to  ensure  that  exposure  to  defended 
targets  is  minimized. 

-  Calculation  of  acceptable  delivery  envelopes  taking  into  account  the  masking  of  the 
terrain  (i.e.,  a  blending  of  fire  control  computer  and  terrain  processors). 

-  Determination  of  acceptable  routes  to  and  from  the  immediate  target  area. 

-  Display  of  weapon  status  and  storage  of  weapon-related  data. 

-  Transfer  to  autonomous  weapons  of  the  target  terrain  characteristics. 

It  is  probably  most  desirable  to  develop  as  much  as  possible  of  the  the  weapon  delivery 
calculations  ahead  of  time,  at  the  time  of  mission  planning.  If,  however,  a  change  in 
the  mission  scenario  occurs  and  an  unplanned  approach  must  be  executed,  the  digital  map 
system  can  aid  the  success  of  the  mission.  In  the  final  phase  of  the  mission,  two  types 
of  maneuvers  can  be  used  as  examples  of  the  value  of  the  digital  map  system: 

(1)  A  high-g  turning  maneuver  designed  to  minimize  the  enemy's  opportunity  to  lock  on  the 
a e  re ra  f  i  ; 

(2)  A  pop-up  maneuver  to  permit  weapon  release,  target  designation,  or  the  like. 


In  the  high-g  turning  maneuver,  the  digital  map  system  provides  TF/TA  type  inputs  which 
allow  the  execution  of  a  tight  turn  in  near  horizontal  planes  with  assurance  that  no 
tcii'am  collision  will  occur.  As  already  mentioned,  the  data  base  allows  anticipation 
of  t'  lTLiin  profiles  which  cannot  bo  seen  by  1  ine-of-sight  sensors  such  as  radar  or  FLIR. 
f hi  '>.it  maneuver  Lifter  weapon  deliviary  is  also  aided  by  terrain  avoidance  and  collision 
.im,  alanci-  ilala  from  the  digital  map.  The  intervisibility  pattern  generation  capability 
will  also  bo  useful  to  the  pilot  in  displaying  his  position  relative  to  the  threat  enve- 
1 . i ; " •  !ri,m  the  target  area.  In  pop-up  maneuvers,  the  TF/TA  type  of  function  becomes 

e.dary  and  the  intervisibility  function  becomes  primary.  With  the  ability  to  display 
ih.i  ihn.it  in  terv  isibil  i  ty  pattern,  the  digital  map  system  can  provide  the  pilot  with 
knowledge  of  thi'  i;xtent  of  his  exposure  at  the  pop-up  altitude. 

MIJT'  K.A  PLANNING:  CONCEPTS,  SYSTEMS,  AND  APPLICATIONS 

I H  •  l.is;  portion  of  this  paper  deals  with  a  topic  which  must  actually  be  considered  first 
: .11, y  mission  --  the  planning  of  the  mission  itself.  In  general,  the  planning  of  a 
m;  is  ion  can  be  considered  to  exist  in  two  categories: 


turni 
cut  ion 
s  ion  w 
o  files 
uver  a 
a  f  rom 
useful 
t  urge 
the  i 
tervis 

thi'  LTX 


(.  1  )  preparation  of  the  topographic  data  base. 

:2>  Preparation  of  mission-spec i f ic  data. 

The  preparation  ot  the  underlying  topographic  data  can  be  accomplished  well  ahead  oi  any 
niia.iim.  In  tact,  the  current  operating  concept  is  to  maintain  a  small  library  of  tape 
cassettes  or  other  source  data  which  cover  the  general  area  of  interest,  and  'o  update 
each  memory  unit  (tape,  bubble  memory,  etc.)  with  mission-specific  data  in  the  process 
O 1  mission  planning. 

Preparation  of  the  underlying  topographic  data  primarily  involves  the  translation  and 
*  otiip  ress  ion  of  original  source  material  (such  as  DMA  data),  and  the  subsequent  transfer 
.,1  tin*  compressed  material  to  the  final  storage  medium  (in  the  current  Harris  systems, 
tape  cassettes).  11  the  digital  map  system  has  the  capability  to  process  aeronautical 
churls  or  photographic  data,  the  preparation  activity  encompasses  that  source  data  as 
well.  In  some  cases,  however,  a  last  minute  photograph  of  a  target  area  may  become 
available;  if  so,  the  photograph  may  still  be  added  after  preparation  of  the  original 
compressed  data.  In  fact,  given  the  existence  of  a  basic  mission  planning  system,  there 
is  almost  no  restriction  on  the  lead  time  for  data  preparation.  Good  practice  would 
dictate,  however,  that  the  data  be  prepared  in  advance  if  possible.  All  basic  topograph¬ 
ic  data  are  compressed  for  maximum  storage  efficiency,  including  aeronautical  or  photo¬ 
graphic  data. 

Topographical  data  base  enhancement  may  be  needed  for  source  data  such  as  DLMS.  Although 
terrain  elevation  data  is  complete,  cultural  data  (particularly  linear  features  such  as 
mails  and  rivers)  are  lacking  in  some  cases.  Harris  has  developed  a.  software  package 
which  enhances  the  cultural  data  base  by  tracing  additional  features  from  a  paper  map, 
using  a  digitizer  tablet.  This  software  is  an  element  of  an  overall  mission  planning 
soiiware  package  which  also  provides  the  capability  to  trace  three-dimensional  (i.e., 
terrain  e 1 eva t  ion /con tour  lines)  information  into  the  data  base  where  no  DLMS-type  source 
i  s  a  va  i  1  ab  I  o . 

Pr.  (jurat  ton  of  aeronautical  chart  data  involves  a  seven-step  process  which  is  relatively 
simple  to  accomplish.  These  steps  are  as  follows: 

-  Digitization 

The  aeronautical  charts  will  bo  digitized  using  a  scanning  camera  which  captures 
the  charts  in  Hi  inch  by  16  inch  blocks.  Each  color  in  the  RGB  images  will  be 
separately  digitized.  This  process  will  digitize  a  12-inch  x  12-inch  nonoverlap¬ 
ping  area.  The  time  to  digitize  the  area  is  approximately  6  minutes.  Note  that 
the  overlapping  area  will  be  used  lor  distortion  correction  and  mosaicing  purposes. 
The  camera  resolution  will  result  in  20-18  x  2018  pixels  in  the  16-inch  x  16-inch 
area  at  a  line  density  of  approximately  132  pixels/inch. 

-  Distortion  Correction 

The  function  of  this  process  will  be  to  correct  for  geometric  distortions  resulting 
primarily  from  the  video  camera  lens  effects. 

-  oriental ion /Hot at  ion 

The  function  of  this  process  is  to  align  the  orientation  of  the  digitized  image  to 
"chart-up"  operation.  This  will  accommodate  slight  errors  in  map  rotation  and 
placement  on  the  workstation  illuminated  surface. 

-  Map  Projection 

Tie-  Junction  of  this  process  is  to  project  the  digitized  chart  onto  the  TM  coor¬ 
dinate  system  for  the  DMG.  Most  charts  are  in  UTM  or  Lambert  Conformal  projections. 

-  Mosaicing 

The  tunction  of  this  process  is  to  assemble  the  digitized  areas  (subcharts)  together 
to  form  a  contiguous  data  base.  The  overlapping  border  areas  of  the  digitized 
frames  will  be  used  for  this  purpose. 

-  i"!or  Normalization 

The  .'unction  of  this  process  is  to  normalize  the  color  content  of  the  digitized  map 
areas.  This  process  can  be  conducted  at  various  levels:  within  a  digitized  area, 
within  a  map  sheet,  or  within  the  overall  data  base. 

The  preparation  of  mission-specific  data  is  handled  in  the  Harris  system  by  modifying  the 
initialization  block  of  data  in  the  mass  memory  (airborne  tape  unit).  The  concept  of 
initialization,  regardless  of  the  type  of  mass  memory,  applies  to  any  processor-based 
sy.,ter;i.  In  this  case,  the  mission-specific  data  is  added  just  as  are  processor  setup 
tables,  color  mixing  HAM  loads,  conversion  tables,  and  the  like.  Some  of  the  initiali- 
zati  m  data,  such  as  software  tables,  are  not  directly  accessible  to  the  mission  planner 
i.r  pilot  because  they  are  transparent  to  the  user.  Other  tables,  such  as  the  color  mix¬ 
ing  HAM  loads,  may  be  readily  changed  if  color  assignments  are  changed.  The  overall  data 
preparation  process,  including  mission  planning  and  data  dissemination,  is  illustrated 
in  Figure  13,  which,  also  illustrates  the  data  cycle  through  mission  debriefing. 

To  summarize  the  mission  planning  effort  with  respect  to  mission-specific  data,  the 

;o! lowing  list  oi  mission-related  tasks  is  offered  as  an  example  of  the  types  of  activity 

wliich  miy  take  place; 

-  Review  and  editing  of  the  basic  topographical  data:  addition  of  interest  features, 
select  ion  of  declutter  groups,  decisions  on  automation  of  displays. 

-  Prej.i  id '  i  on  oi  mission-specific  data:  routes,  waypoints,  threats,  targets,  nlpha- 
nunii  r  i  c  nola  l  ions  . 

-  i’rei  lying  the  mission  in  plan  and/or  perspective  view  display,  and  in  real  time  or 
accelerated  t i me . 

-  :•  ntrv  ot  new  data  or  spec  la '  data  such  as  checklists,  approach  plates,  emergency 
procedures,  alternate  mission  prompts,  weapon  status  requirements. 
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!  <>1  :ne  above  tasks  ran  be*  perrormed  easily  and  quickly  in  an  appropriate  user-inter- 
bvi  *  nv  1  r*>nm»»n t  such  as  the  systems  developed  by  Harris.  A  typical  mission  planning/ 

•  {reparation  system  configuration  is  shown  in  Figure  Id. 

KN>  v»\  i.t'.H  ;j-  M  KNTS 

<  tltb<.r  «n  know  ’  •  dgi  the  invaluable  technical  support  of  many  individuals  at  the 
m  oov*  rnfi.ent  Aerospace  Systems  Division.  Some  of  the  designs  presented  herein 
r*  d<  v-  i  un  l*-r  a  contract  from  Liu*  General  Dynamics  Corporation,  Fort  Worth ,  Texas, 

:  ,i  ;■  i.'  i  ta  i  iVrrain  Management  and  Display  System  for  the  AFTI/F-1.6  Program.  Feme 
igin.il  s  1  j ;  t  a  1  map  system  design  concepts  were  developed  in  internal  research  and 
v.  loprmnt  programs  at  Harris  and  w*  re  further  refined  under  contracts  from  the  D.fcJ. 
ny  1 Av  i  *i  K»n  iies'sireh  and  Dev* •  1  opm« *n t  Activity  at  Ft.  Monmouth,  New  Jersey.  The 
I  \N  f.  -.  ig.it  ion  algorithm  referenced  h«  rein  was  developed  by  Sandia  Laboratories, 
o  i  ;u*  :•  pe  ,  New  Mexico.  Tie-  related  Nl'iAN  ;md  AFTI/F-1.0  development  work  is  being 
i  un  I-.t  t-nr  net  from  the  L  ;  Air  F"re«  Aeronautical  Systems  Division,  Wright- 
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Built-in  Tost 
Cathode  Ray  Tube 
Digital  Map  Generator 
Defense  Mapping  Agency 
Digital  band  Mass  System 
Global  Positioning  System 
In“rtial  Navigation  System 
Longitudinal  Redundancy  Check 
Non-Destructive  Readout 
Programmable  Read-Only  Memory 
Random  Access  Memory 

Red-Green-Blue  (refers  to  video  inputs) 
Sandia  Inertial  Terrain  Aided  Navigation 
Universal  Transverse  Mercator 
Terrain  Following/Terrain  Avoidance 


A  NEW  TECHNIQUE  FOR  TERRAIN  FOLLOWING/TERRAIN  AVOIDANCE  GUIDANCE  COMMAND  GENERATION 


Richard  V.  Denton,  J.  Edwin  Jones,  and  Peter  L.  Froehcrg 
10  Jackson  Street,  Suite  101 
TAU  Corporation,  Los  Gatos,  California  95030 


ABSTRACT 

The  need  for  accomplishing  relatively  automatic  low  altitude  high  speed  maneuvering 
flight  for  key  mission  phases  has  long  been  recognized.  A  central  building  block  for 
accomplishing  this  goal  is  the  computation  of  the  aircraft  trajectory  according  to  the 
mission  requirements  for  the  current  mission  phase.  To  meet  some  mission  requirements, 
the  automatic  trajectory  generation  can  utilize  relatively  slow  techniques  (on  the  order 
of  several  seconds)  for  updating  the  global  route  in  response  to  threats  or  other  mis¬ 
sion  contingencies.  Other  mission  functions  require  faster  trajectory  solutions  on  the 
rder  of  a  second  for  TF/TA,  and  often  taster  trajectory  solutions  if  pop-up  threats  are 
included.  Further,  at  some  stag  ,  TF/TA  trajectory  generation  must  account,  for  aircraft 
performance  constraints  and  provide  the  capability  for  automatic  coupling  to  the  air¬ 
craft  flight,  control  system.  This  paper  presents  a  new  real-time  optimization  technique 
th»t  .dticiently  generates  a  robust,  optimum  TF/TA  trajecto  ry,  and  has  the  structural 
capability  for  adding  threat  avoidance. 

Ir.e  Tf  ''TA  technique  presented  here  is  based  on  definition  ot  a  performance  measure  that 
is  systematically  optimized  in  real-time.  The  approach  uses  on-board  DMA  digital  tor- 
run  f  lev  it  ion  data  extensively,  as  updated  by  real-time  sensor  input?;.  The  optimiza¬ 
tion  < t  tie  performance  measure  embodies  the  real-time  trade-off  ot  flying  over  (TF) 

flying  around  terrain  features  ( TA )  .  The  performance  measure  is  del  mod  to  gen- 
<  t  :  1 1 y  penalize  large  excursions  from  the  nominal  (globally-defined)  route,  while  rewar- 
1 1 :  -  ;  i  tr  i  i*“d  ory  that  achieves  better  terrain  masking  than  contained  in  the  nominal, 
m:*..- ion-planned  route.  (It  is  the  real-time  sensor  information  that  necessitates  this 
i.-Mni"  Tt /TA  computation,  since  otherwise  much  of  the  computation  could  be  carried 
t  'S*.  m  mission  planning.)  Direct  incorporation  of  Limits  on  the  flight  control  vari- 
i !  1  rank  ‘ingle,  roll  rate,  normal  aeee  l  era  t  i  on ,  etc.)  is  included  within  the  pioce- 


:f  TA  technique  also  addresses  additional  considerations  that  apply  when  combining 
th-*  'I  b '  TA  flijht  trajectory  computation  with  maneuvers  through  mission  waypoints.  This 
mvolv-.-s  several  subtleties  associated  with  the  relative  importance  ot  the  turning  man¬ 
euver  desired  versus  the  normally  applicable  TF/TA  performance  measure. 

Finally,  the  relevance  of  this  work  to  other  advances  in  trajectory  computation  is  des¬ 
cribed.  This  includes  the  relationship  to  global  trajectory  generation,  and  to  integra¬ 
te  i  l F  TA  with  Threat  Avoidance  TF/(TA)2. 


INTRODUCTION 

!'r.  ■  dense  nnl  mobil«  threat  environment  that  present  and  future  aircraft  will  encounter 

•  j  iV":;  rise  to  the  need  for  a  low-level,  maneuvering  penetration,  which  is  made  possible 

t*orn:n  fol  lowing/ terra  in  avoidance,  threat  avoidance,  and  global  flight  path  genera- 
*■  i  *n  algorithms.  Such  low  altitude  tactics  can  equate  to  increased  survivability  and, 
ic  i ]  i  n  j  l  y  ,  to  improved  overall  mission  performance. 

■jrrvnMy  deployed  systems  such  as  the  F—  111  and  B-l  have  a  terrain  following  (TF)  capa¬ 
bility  only;  motion  is  limited  to  be  within  a  vertical  plane  with  heading  as  defined  by 
*.  h»*  missi-n  waypoints.  More  generally,  TF  trajectories  along  mission  planned  curvili¬ 
near  ;r  <*nd  tneLs  have  been  considered  in  some  analyses;  such  trajectories  are  still 

•  ms-m  ‘  i  a  l  l  y  TF  in  nature.  In  contrast,  Terrain  Following/Terrain  Avoidance  (TF/TA)  as 

1  in  figure  1  addresses  an  intogra  ted ,  fine-resolution  capability  to  accomplish 

n  i  Hi  it*  in*-  ir.  vertical  ( [>  i  tch  axis)  and  lateral  maneuvering  to  obtain  maximum  benefits  of 

'••tram  i  n  j  .  Thi'  TF/TA  problem  is  a  real-time  flight  control  problem. 

M'-Oura  approaches  [1,2!  to  the  problem  of  simultaneous  TF/TA  have  evolved  to  the  concept 
■  d  ir  itm  ;  th»»  trajectory  generation  and  trajectory  following  functions.  The  trajec¬ 

tory  i-'ivnn  m  function  calculates  a  reference  TF/TA  trajectory  that  is  "optimum"  with 
t  '  \  mbined  v**rt  ica  1  /hor  izonta  l  per  f  ormance  measure  .  The  t.ra  jectory  follow- 

r  *  ;  •  •-.in}-  function  determines  appropriate  guidance  commands  fra  the  aircraft 
s  *  •*■.**  !  • "!’  ‘  •  capt  nr**  and  t  ra<  k  t  h*»  desired  t  r,i  ’o.-t.oi  y . 

I  ‘  *  ‘  i  *  up  l  : ;  of  IMTA  with  the  f  1  ight  control  sy  ’em  is  one  way  ot  distinguishing 

r*-'  t  '*  r-  *■ ■  -*'*nt  j ! ;  *  I  i!  roc’*-*  g*»norat  ion  developments  as  described  in  references  [1,3, 

■5  ,  f  ,  *  1  .  rh  glof,ai  flight  pluming  techniques  result  in  :j  round  track  reso  1  u  t  ion  of  a 

m;i*-  r  >■;  ■•.*>  mr.'*  they  are  *.>tain«*d  relatively  "open  loop"  from  the  Might  control 

system ,  *  ?:«*•/  require  further  processing  to  obtain  actually  tlyoble  trajectories.  TF/TA 
'in  f  **  trrujht  e  as  the  reans  for  processing  the  global  route,  accounting  for  real-time 
o -*r  -  r  information,  lateral  and  vertical  maneuvering  degrees  of  freedom,  and  current 
« .  r  a  •:  f  -  -t  it*.*  i  o  f  <  >r  mat  i  •  >n  ,  to  obtain  tie*  di-sir**d  three  chim-nsinn-il  flyable  trai«»c- 

•  ■  i  y.  I  r  '-onsi  hot  h  1  itor'il  and  vertical  degrees.  of  freedom  in  an  integrated  man- 

u.r,  It  I'A  iv  thus  substanti  illy  mere  involved  than  gen  -ration  of  a  TF  profile  starting 
*r  m  the  p  .ml  rout**  gr ■  >und  trek  a o  input. 


TF/TA  VW  ' 

Figure  1.  Terrain  Following  (TF)  and 
Terrain  Following/Terrain  Avoidance  (TF/TA)  Trajectories 

Tin-  work  in  this  paper  may  be  viewed  as  a  sequel  to  a  previous  AGARD  presentation  II], 
which  described  the  main  concepts  and  technique.,  associated  with  global  flight  plan¬ 
ning  .  The  goal  in  this  development  was  to  explore  the  applicability  of  similar  mathema¬ 
tical  techniques  to  the  higher  resolution  TF/TA  problem  solution.  These  techniques  in¬ 
volve  us>'  ot  dynamic  programming  optimization,  which  is  attractive  in  that  the  "best" 
tactical  solution  is  found  automat ical ly .  This  is  in  contrast  to  other  techniques  such 
as  gradient  searches  which,  being  more  sensitive  to  the  particular  initial  conditions, 
may  sometimes  result  in  solutions  that  are  not  the  tactically  “best"  solution  17).  In 
mathematical  terms,  "best"  solution  is  the  globally  optimal  solution  according  to  the 
tactical  performance  measure  being  used,  while  other  solutions  that  may  exist  correspond 
to  local  optima  in  the  performance  measure.  Needless  to  say,  it  is  a  non  trivial  exer¬ 
cise  to  establish  that  the  "best"  mathematical  solution  corresponding  to  a  given  perfor¬ 
mance  measure  indeed  corresponds  to  the  "best"  real  world  tactical  solution. 

Although  dynamic  programming  techniques  typically  have  the  globally  optimal  solution 
feature  described  above,  which  has  been  extensively  exploited  in  global  route  determina¬ 
tions  'll,  such  techniques  have  t rad i t iona 1 ly  not  lended  themselves  to  a  detailed  coup¬ 
ling  with  the  flight  control  variables,  as  is  necessary  on  the  TF/TA  temporal  quantiza¬ 
tion  scale  of  approximately  one  second.  Such  a  quantization  scale  is  necessary  in  ob¬ 
taining  truly  flyabie  TF/TA  trajectories  that  are  then  fed  through  to  the  flight  control 
system  via  a  pitch-roll  decoupler.  The  innovation  in  this  development  was  to  achieve 
this  high  fidelity  coupling  using  dynamic  programming.  Thus,  flyabie  three-dimensional 
•  r  a e.t  or  ins  are  obtained  efficiently  without  the  need  for  any  additional  smoothing  to 
issue-  tn.it  ill  flight  constraints  are  met.  The  dynamic  programming  path  generation  al¬ 
gorithm  described  here  has  been  given  the  name  "Dynapath." 

As  ,v-ti*  t  -lei  1 1  ready,  a  combined  vert  ical /horizontal  performance  measure  must  be  selec¬ 
ted  tor  the  TF/TA  computations.  The  Dynapath  Algorithm  is  well  suited  to  use  of  perfor¬ 
mance  measures  that  may  also  include  throat  templates  associated  with  nearby  SAM  or 
•:.et  r  hre -its.  This  lias  important  implications  tor  the  manner  in  which  TF/TA  is  inte- 
;i  ihd  with  threat  avoidance.  Specifically,  the  Dynapath  technique  provides  a  framework 
;  >r  i  :d  i  ng  maneuver.;  to  account  for  threats  in  the  immediate  proximity  of  the  flight 


In  >vidirig  a  general  fratr.'work  incorporating  threat  cons  idera  t  ions ,  the  Dynapath  tech¬ 
nique  he:-,  applicability  to  several  development  programs.  For  example,  it  would  be  use- 
‘  ;1  l : i  supporting  the  AFTI/F-16  Automated  Maneuvering  Attack  System  ( AMAS )  in  integrat- 
in;  t-train  considerations  with  the  target  attack  maneuvers.  The  Terrain  Following/ 
Terrain  Avn  i  .fane, -/Threat.  Avoidance  Program  within  the  Air  Force  Wright  Aeronautical  Lab- 
ir  d.  Ties  will  also  need  a  capability  such  as  described  in  this  paper.  Finally,  similar 
up  ah  l  1  i  ‘  i  .are  necessary  tor  Nap-ot -tho-Farth  flight*  and  contour  flying  by  helicop¬ 
ters  such  a  in  the  Army  I.HX  Program. 

SYSTEM  CONTEXT  AND  TF/TA  PROBLEM  DEFINITION 

A  •"  I  ck  1  lag  ram  d  the  Dyr.apV-h  Algorithm  interfaces  is  shown  in  Figure  2.  The  solution 

i "  r  r  i  ,  itch  in  front  ot  the  aircraft  as  shown  in  Figure  3  and  corresponds  to  an  opti¬ 

mum  v line  -t  the  performance  measure  in  the  vicinity  of  the  global  reference  path.  pe- 
:  i  i  ng  Fi  pile  .! ,  the  global  reference  path  is  in  inpuf  ttiat  has  been  calculated  on  a 

r-'.  V  .v-!,  ■•••arse  scale  as  described  in  several  references  11,6]  .  The  global  path  in¬ 
cur  p,  :  i'es  ,1  mission  considerations  (mission  destination,  minimum  exposure  to 

tt.r-  i*  ,  iiis:  .  i  no  t  in'  1  cons  *  ru  1  nt  s ,  etc.).  The  Pynupjth  Algoiithm  utilizes  t  ti  i  s  glo- 
i  i!  •  ■!•  :>  :  .  ■  ,  irh,  *•  rr  tin  inlorm.it  i  an.  and  various  other  parametric  inputs  to  compute 
ft-  •  /‘ire  n  ia  trajectory  solution  over  the  current  patch.  The  trajectory  solution 


'  -  * r  -  .  ill  ;ut  inv  >lve,  adir’  ion.il  complexity  as  well  duo  to  in  expanded  set 
"  r  •  ■  .o  .  is!.  ;  ;  rl  modeling  t  tie  ti.lieojTer  motion  in  t  tie  NOE  alt  i  fude/sp . .  regime 


•  h,*n  o  inverted  vi,:i  Horizontal  and  Vertical  Command  Generators  to  consistent  inertial- 
■  f  ,*  re  re  ed  commands  (p  , ...  p  .  .  .  '  that  are  fed  to  a  pitch-roll  decoupler.  The  pitch 
L  decoupler  provides  tne  interface  to  the  flight  control  system;  it  servos  the  t.rack- 
:  >n  of  always  guaranteeing  adequate  authority  to  the  vertical  channel  to  main- 
r,  altitude,  while  assuring  that  lateral  deviations  from  the  commanded  trajectory  are 


.  f  Mi*1  key  par. n  **t  ers  referred  to  in  Figure  2  are  as  follows: 

1/  anal  Set  Clearance  -  In  seeking  out  lower  altitude  corridors,  there  is  a  minimum 
ept~i:  le  horizontal  terrain  clearance  at  the  current  flight  altitude. 

tical  Sot _ C  Lea  ranee  -  The  flight  altitude  above  ground  level  (AGL)  must  be  above  the 

ci'-irunoo  altitude,  from  flight  safety  considerations.  In  this  work,  set  clearance 
.'imply  taken  as  a  constant  bias  above  the  local  terrain  value.  The  constant  bias  is 
■•■•i'  input. 

.min  hat  era!  Deviation  -  A  maximum  lateral  deviation  from  the  reference  path  can  be 
ei  fir’d.  A  large  value  can  result  in  significant  computational  requirements,  while 
small  a  value  constrains  the  trajectory  to  essentially  terrain  following  behavior. 

i\  “  This  adjusts  the  relative  weight  between  TF  flight  and  TA  (lateral  maneu- 

:  ■.  j  i  r  L 1  j  h  r.  . 

k  ■  *  and  A  ire  raft  Model 

!  My  lov  1  -  The  range  of  normal  g's  that  are  permitted  relate  to  ride  comfort.  The 
r-.il  I  1  factor  limits  indicated  in  Table  1  are  incorporated  into  the  algorithm 


1  »»_«•■  *  *  » t :■  Angle  him  i  t  s  -  The  angle  between  the  .aircraft  vector  and  the  x-y  plane 
:  I  ■  :r.  i  *  ■  *•.  l  i  symme  t  r  i  ca  1  Ly  as  shown  in  Table  1.  These  limits  are  used  in  the 

if':  or,,*-;  n  :  pri'T.it nr  . 

:!  ~  *  •  i  *  *  r  i  f  ion,  Mixiinum  Hank  Angle  -  These  are  used  explicitly  in  generating  the 

-  ’A  •  r*i  *’  *t  ry.  The  roll  acceleration  is  important  in  establishing  the  appropri- 
c  ‘  i  :  •  *  p.  in'  i  /.if  l ' » r  i  us.*d  i  n  th<*  trajectory  computations. 

■  f  r  i'*  _V  -  A  p’-inf  mass  model  was  used  that  parallels  the  one  used  in  the  FPA 


!**rr  •  r  t  !'■»■  current.  airrtaft  location  is  portrayed  in  Figure  3.  This  f  iy- 
’  h  i-  ft  lew  »lt  ini'jo.;  the  actually  sensed  terrain  may  only  extend  out  for 
a  1  >  --o  »f  Might  *■  ime  .  Simulations  have  shown  that  this  limited  s»n- 

.  5  i  •  v  i  M  sufficient  .inf  ic  ip.it  ion  for  achieving  adequate  TF/TA  perfor- 
" a:-  •  r  .  i  f  r  Mr',  find  itself  in  .a  "box  Minyon."  This  problem  is  avoided 
y  ? " «  o-.-pf  hy  ;!nh  i  n  i  ri;j  the  relevant  !>ML.s  terrain  o  1  ovation  data  base 

‘  -wr  ;  n  rig.,*.  1  with  t  he  available  sensor  information.  The  combined 

•qp'rf^  ♦  l'F"IA  trajectory  de  t  orn  i  na  t.  i  on  to  result  in  an  adequate 


:  th**  Id. VP  terrain  lata,  we  are  adopting  a  relatively  aggressive  pos- 

•  '  *  ■  s'ic<  ess  f  u  1  near-term  implementation  of  this  technology  in  an  ac- 

■  t  is  worth  i  minor  dig^e-rsion  t o  address  the  "box  canyon"  issue  in 

•  "t  i :  i  .  r  i  par-*  *1  portray.-;  a  situation  where  the  patch  length  being  used 

- r *  .  Th*»  extreme  iso  of  a  short  patch  length  is  when  the  guidance  ccan- 
'•  i'',d  »n  t  tie  immedi  it..*  sen-. or  range,  which  is  very  limited  at  low  alti- 


lute.  When  the  performance  measure  rewards  solutions  that  search  out  low  altitude  coi 
riciors,  tor  example,  the  apparently  best  solution  can  lead  inadvertently  into  a  box  can¬ 
yon.  When  the  aircraft  reaches  the  end  of  the  box  canyon,  it  is  then  forced  into 
up  maneuver  that  results  in  excessive  exposure.  With  a  longer  patch  length,  which  in¬ 
volves  use  of  the  DLMS  terrain  data,  box  canyons  can  often  be  avoided, 
toruance  is  improved. 


fly- 
in- 

Thus,  the  per- 


TOP  DOWN  VIEW 


figure  3.  TF/TA  Calculation  for  Current  Patch 


On  the  other  hand,  the  improved  performance  carries  its  own  price 
system  complexity  and  increased  computational  requirements.  The 
tional  tradeoff  for  the  Dynapath  Algorithm  is  sketched  in  Figure 
putational  requirements  can  increase  drastically  for  only  margina 
formance.  Benchmark  studies  [7J  have  shown  that  extending  the  an 
immediate  sensor  range  (i.e.,  using  DLMS  elevation  data)  brings  s 
enhancement,  while  the  marginal  return  drops  off  once  one  has  an 
corresponding  to  approximately  30  seconds  of  flight  time. 


in  terms  of  both  added 
performance/computa- 
5,  and  shows  that  com- 
1  improvements  in  per- 
ticipation  beyond  the 
ignificant  performance 
overall  patch  length 
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Figure  4.  Look-Ahead  Effects 

Returning  now  from  the  digression,  the  Dynapath  TF/TA  algorithm  designed  in  this  study 
applies  to  a  single  computational  patch  that  was  shown  in  Figure  3f  where  the  patch  may 
include  a  waypoint  within  the  patch.  (In  the  latter  case,  a  turn  is  executed  as  part  of 
the  patch  calculation.)  During  the  time  that  the  TF/TA  trajectory  calculation  for  the 
current  patch  is  being  carried  out,  the  aircraft  is  flying  a  previously  computed  trajec¬ 
tory  with  predicted  initial  conditions  for  this  current  patch  calculation.  By  the  time 
the  aircraft  enters  the  patch,  the  trajectory  calculation  has  been  completed  and  stored 
in  a  buffer.  This  trajectory  is  then  flown,  while  calculations  for  the  next  patch  pro¬ 
ceed  ,  etc. 

In  practice,  only  the  first  5  seconds  or  so  of  a  given  patch  solution  is  used,  so  that 
individual  patches  overlap  one  another.  Flying  only  part  way  into  a  patch  assures  that 
there  is  always  an  adequate  look-ahead  distance  (for  adequate  patch  length  of  at  least 
30  seconds  or  so).  The  upper  limit  for  calculating  the  trajectory  for  a  single  patch  is 
then  t\  »  patch  update  rate,  or  5  seconds.  However,  this  limit  does  not  take  into  ac¬ 
count  the  new  information  that  is  made  available  due  to  the  real-time  sensors.  Such  in¬ 
formation  may  require  an  immediate  maneuver.  Depending  on  the  manner  in  which  such  re- 


ju  i  f*  *non  t.  s  .ire  taken  into  account  in  the  system  operation,  the  TF/TA  processing  may  need 
N*  accomplished  in  much  less  time — in  some  cases  in  less  than  a  second. 
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Figure  5.  Associated  Computational  Impacts  for  Improved  Look-Ahead 

The  I p ' TA  performance  measure  used  in  this  study  is  given  in  Eq.  (1): 

J  =  1'  (w  D2  +  H2!  (  1  ) 

i 

whi’P.'  .  =  TF/TA  ratio 

l)j  -  l.ateral  deviation  from  reference  path 

II,  =  Altitude  above  a  uniform  reference  altitude 

l  -  (x,y)  cell  location,  wiLh  cell  dimensions  of  order  ol  300  ft  on  a  side 

This  measure  uses  the  global  trajectory  as  a  baseline  for  developing  the  fine-tuned  tra¬ 
jectory,  in  that  lateral  deviations  from  the  global  path  are  penalized,  while  flight  at 
higher  altitudes  is  also  penalized.  In  evaluating  all  possible  trajectories  using  this 
penalty  function,  the  best  trajectory  generally  seeks  out  low  altitude  corridors  ("val¬ 
leys")  in  the  neighborhood  of  the  global  reference  trajectory.  The  relative  weight  u> 
between  these  penalties  is  called  the  TF/TA  ratio.  A  large  value  for  this  ratio  results 
in  essentially  TF  flight,  along  the  reference  path,  while  a  small  value  permits  large 
deviations  (TA  flight)  in  the  search  for  low  altitude  corridors. 

The  general  philosophy  behind  this  performance  measure  is  that  low  altitude  corridors 
afford  terrain  masking  from  threats,  and  thus  represent  good  candidates  for  improvement 
over  the  global  reference  trajectory.  However,  recent  testing  [7)  has  shown  that 
threats  and  terrain  masking  should  be  incorporated  explicitly  for  best  performance, 
otherwise  the  TF/TA  trajectory  may  go  through  a  threat  region  unnecessarily.  Mathema¬ 
tically,  inclusion  of  threats  can  be  achieved  by  adding  to  the  TF/TA  performance  measure 
a  term  S  (P  )j  associated  with  the  threat  danger  Pk  in  cell  i. 

Having  defined  the  performance  measure,  the  actual  optimization  problem  is: 

Find  the  trajectory  in  inertial  coordinates  that  corresponds  to  a  global  minimum  of 
the  [xirformance  measure,  subject  to  the  following  constraints: 

-  Initial  boundary  conditions  (aircraft,  position  in  (x,y,z)  and  velocity  vector)  given 

-  Final  boundary  conditions  unconstrained  so  long  as  aircraft  exits  at  rear  of  patch 

-  Satisfy  the  aircraft  equations  of  motion  with  various  associated  param  ter  ranges  as 
shown  in  Table  1 . 


Table  1.  Parameter  Ranges  Used  for  Tactical  Aircraft 


PARAMETER 


Vertical  Clearance  Setting 
Horizontal  Clearance  Setting 
Mach  Number 
Flight  Path  Angle 
Ride  I.*‘Vel 

•  !(a  n  1  (  N'  -mia  1  I.  F 1 

•  Medium  (  Not  m.i  1  I.F) 

•  Soft  (Normal  LK) 

N  .T  m  1 1  fF  Rate  (Pit  eh  Jerk) 

Maximum  hate-al 

ixcursion  tr  >m  Nominal  Path 

P  1 1  1  Ac  :e  1  era  t  l  ori 


50  ft  to  1000  ft 
50  ft  to  1000  ft 
0.5  Mach  to  1.2  Mach 
-15  Deg  to  +30  Deg 


0  g  to  +  3  g 
+  .  5  g  to  +3  g 
+.75  g  to  +3  g 

-1.5  g/ sec  to  + 3  g/soc 

-2.5  NM (Left)  to 
+2.5  NM(Rlght) 


-75  Dog/sec^  to 
+75  Deq/sec* 


Hank  Angl 


-75  Dog  to  +75  Deg 


SOLUTION  APPROACH 


THE  DYNA PATH  ALGORITHM 


I  '  i. 


To  solve  the  TF/TA  problem,  an  integrated  application  of  dynamic  programming  (DP)  and 
tree  searching  was  devised.  The  tree  structure  handles  the  dynamics  of  the  aircraft  and 
the  dynamic  programming  reduces  the  number  of  possible  trajectories.  So,  basically,  tire 
problem  is  solved  by  a  forward  running  DP  algorithm  where  the  state  transitions  are  han¬ 
dled  by  a  tree  structure. 

Two  versions  of  the  Dynapath  Algorithm  were  developed.  In  one  version,  the  aircraft  is 
free  to  move  in  all  three  dimensions  subject  to  aircraft  equations  of  motion  and  all 
contraints  in  carrying  out  the  TF/TA  optimization  described  in  the  last  section. 

The  second  version  involves  the  determination  of  the  lateral  (ground  track)  first,  fol¬ 
lowed  by  a  determination  of  the  vertical  commands.  In  this  version,  the  ground  track  is 
found  by  essentially  assuming  that  the  aircraft  can  fly  perfectly  in  the  vertical  set 
clearance  surface.  This  surface  is  a  surface  above  the  terrain  surface  but  displaced  by 
a  constant  set  clearance  bias.  The  TF/TA  tradeoff  is  made  under  this  assumption,  resul¬ 
ting  in  the  lateral  ground  track.  The  vertical  command  generator  then  relaxes  the 
assumption  that  the  aircraft  flys  perfectly  at  the  set  clearance  altitude,  and  treats 
the  set  clearance  altitude  as  a  minimum  altitude  constraint. 

The  approximation  of  flight,  initially,  on  the  clearance  surface  leads  to  fewer  computa¬ 
tions.  Depending  on  the  terrain  statistics  in  the  scenario,  it  is  expected  to  give  re¬ 
sults  that  are  almost  always  the  same  as  those  of  the  first  version.  It  is  this  second 
version  that  will  be  discussed  further  in  this  paper. 

The  Tree  Structure 

For  any  location  of  the  aircraft,  a  tree  describing  its  potential  future  positions  can 
be  generated  by  quantizing  In  bank  angle  as  the  control  variable.  The  number  of  bank 
angle  quantization  levels,  possible  restrictions  on  transitions  between  levels,  and  the 
solution  time  step  are  interrelated,  so  care  is  needed  in  setting  these  parameters.  For 
a  tactical  aircraft  a  solution  time  step  of  one  second  was  chosen  to  afford  adequate 
sampling  of  the  underlying  terrain  data.  Five  equally  spaced  bank  angle  quantizations 
ranging  from  full  bank  in  one  direction  to  full  bank  in  the  other  were  used,  and  .•>  con¬ 
sideration  of  roll  acceleration  for  the  tactical  case  restricted  transitions  to  be  De- 
tween  adjacent  levels. 

In  tile  implementation,  it  turned  out  that  a  convenient  parameterization  of  possible  con¬ 
trols  was  in  terms  of  the  inverse  turn  radius  (i.e.,  curvature)  associated  with  coordi¬ 
nated  turns : 

p  =  £  =  0,  t  tan  (<pmax/2),  tan  Umax1, 

v  v 

A  tree  is  constructed  by  using  ail  possible  values  of  p  to  exhaustively  generate  every 
branch  of  the  tree  to  a  depth  of  N  seconds.  An  example  tree  is  given  in  Figure  6.  This 
is  a  tree  of  N=3  stages,  or  time  steps,  of  course,  the  branch  lengths  and  turn  radii 
have  b"en  exaggerated  to  better  demonstrate  the  tree  structure. 


10 

Figure  6.  An  Example  Tree 


At  each  node  k  of  the  tree,  the  following  information  is  stored: 

«  Pos i f i on  ( x , y ) 

•  Heading  + 

•  parent:  node  that  has  generated  node  k 

~  •  Cost:  cumulative  cost  up  to  and  including  the  present  node  (for  the  perfor¬ 

mance  measure  being  used) 

•  Curvature  control  used  to  arrive  at  node  k  (quantized  in  five  values,  for 
simplicity  referred  to  in  terms  of  controls  -2,  -1,  0,  1,  2  with  negative 
controls  being  a  right  turn) 
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At  t  roe  generation  time,  branches  can  be  discarded  according  to  any  one  of  several  pos- 
sinle  criteria.  In  this  problem  we  have  chosen  to  set  a  maximum  lateral  deviation  from 
the  reference  flight  path  and  an  absolute  maximum  deviation  from  the  reference  path 
heading.  The  use  of  such  criteria  to  accomplish  pruning  is  denoted  as  "constraint  prun- 

l  eg  • " 

Dy nam i c  Programming  Overlay 

The  above  description  applies  to  a  single  tree.  In  actual  operation,  the  Dynapath  Algo¬ 
rithm  grows  many  trees,  selectively  prunes  them,  grows  more,  etc.,  until  there  is  vir¬ 
tually  a  uniformly  dense  forest  of  only  the  best  trees.  From  this  forest  the  single 
best  tree  corresponding  to  the  optimum  in  the  performance  measure  is  selected.  It  is 
the  dynamic  programming  overlay  that  accomplishes  this  selective  pruning. 


The  end  nodes  of  the  initial 
"overlay,"  as  shown  in  Figure 
along  the  reference  track.  ( 
opment;  the  particular  shape 
indicated  as  a  two-d imens iona 
and  division  dimensions.  The 
c  lass  1 f icat ion  into  one  of  n 
end  nodes  of  a  tree  are  class 
portant  consideration  in  this 
of  an  end  node  within  a  cell 
node  within  a  cell  does  not  i 


and  later  trees  are  classified  into  a  dynamic  programming 
7.  This  is  shown  as  a  rectangular  grid  that  is  oriented 
Other  grid  geometries  have  also  been  used  during  the  devel- 
of  the  grid  can  be  altered  if  desired.)  Subdivisions  are 
1  spatial  classification  of  the  space  according  to  the  zone 
subdivisions  in  turn  are  divided  according  to  an  angular 
possible  cells  (possible  azimuth  directions).  Thus,  the 
ified  according  to  a  cell  of  dimensions  x,  y  and  i), .  An  im- 
development  was  that  memory  of  the  actual  (x,y)  location 
be  retained.  As  a  result,  the  classification  of  an  end 
ntroduce  any  quantization  artifacts. 


For  a  given  tree,  a  DP  state  is  associated  with  each  end  node  of  the  tree.  The  DP  state 
for  an  end  node  "k"  contains  a  label  designating  the  trunk  (source)  of  the  end  node,  the 
cumulative  cost  to  that  end  node,  as  well  as  state  and  control  information.  We  note 
that  many  end  nodes  may  have  the  same  source,  namely,  the  end  nodes  for  a  given  tree. 
Also,  dynamic  programming  states  will  be  selected  on  the  basis  of  the  best  cumulative 
cost  at  the  end  nodes,  but  do  not  require  storage  of  the  full  set  of  controls  and  states 
in  traversing  from  the  tree  source  to  a  given  end  node.  In  short,  the  DP  states  "leap¬ 
frog"  from  end  nodes  to  trunks  without  storing  the  intervening  branches.  However,  note 
that  storage  of  the  immediately  preceding  two  curvature  controls  p  is  all  that  is  neces¬ 
sary  to  smoothly  restart  generation  of  a  new  tree  from  any  given  end  node. 


Reference 
Track  1 


Divisions 


Subd ivisions 


)*  Cell  within  subdivision 
with  example  angular 
orientation  as  shown 


Figure  7.  Dynamic  Programming  Overlay 


Opt im ization  Procedure 


Starting  from  the  initial  position  and  heading  in  the  patch,  an  initial  N  stage  tree  is 
generated.  The  value  of  N  is  typically  seven  or  eight,  i.e.,  seven  to  eight  seconds  of 
flight  time.  The  initial  tree  corresponds  to  approximately  2000  nodes.  Constraint 
pruning  of  this  tree  and  subsequent  trees  will  occur  according  to  criteria  such  as  the 
maximum  lateral  deviation  from  the  reference  track  being  exceeded. 

In  parallel  with  the  pruning,  the  dynamic  programming  selection  proceeds.  As  a  tree  is 
generated,  the  cell  corresponding  to  each  end  node  is  computed.  If  the  cell  is  empty 
the  end  node  including  its  cost  is  registered  as  being  in  the  cell.  If  the  cell  is  al¬ 
ready  occupied  by  an  end  node,  the  cost  of  the  current  end  node  is  compared  with  the 
previously  registered  cost  and  the  end  node  with  lower  cost  is  kept.  This  forms  the 
basis  for  the  dynamic  programming  (DP)  operation  for  selecting  the  best  trees. 

Many  trees  are  used  by  this  technique  in  propagating  to  the  end  of  the  patch.  Once  the 
end  nodes  of  the  last  trees  are  past  the  last  zone  in  the  patch,  the  optimal  path  is  de¬ 
termined  by  selecting  the  end  node  with  the  lowest  cumulative  cost.  (Additionally,  var¬ 
ious  patch  end  node  boundary  conditions  such  as  a  maximum  lateral  deviation  or  heading 
with  respect  to  the  reference  track  can  be  imposed.) 

The  optimum  path  is  retrieved  by  tracing  through  the  DP  structure  until  arriving  at  the 
initial  tree.  This  is  possible  because  we  have  kept  track  of  the  source  at  every 
stage.  We  note  that  the  full  set  of  controls — in  one  second  quantizations — is  available 
for  the  first  tree  due  to  the  way  the  solution  is  constructed  and  stored.  For  subse- 
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Qu.-nt  rrei-'S,  the  retrieved  solution  is  sampled  on  a  coarser  time  scale  corresponding  to 
the  source-to-end-node  time.  This  was  done  tor  memory  storage  efficiency  and  in  recog¬ 
nition  that  only  the  first  five  seconds  or  so  of  a  patch  will  actually  be  flown  before 
the  patch  is  updated.  However,  the  optimal  solution  is  of  course  based  on  the  uniform 
one  second  quantization  over  the  entire  patch  length  due  to  the  manner  in  which  the  DP 
solution  is  constructed.  Indeed,  JP  state  memory  has  been  designed  to  permit  retrieval 
of  the  precise  path,  if  desired,  with  very  minor  computational  increase. 

Vert  ical  Trajectory  Generation 

Prior  to  generation  of  the  vertical  and  horizontal  commands,  the  vertical  trajectory 
must  be  generated.  To  achieve  this,  there  was  a  requirement  in  this  development  to  sim¬ 
ply  emulate  the  operation  of  the  ADLAT  terrain  following  algorithm.  Since  the  horizon¬ 
tal  path  (ground  track)  is  known  from  the  above  sections,  actual  ADLAT  software  could  be 
used  to  generate  this  vertical  trajectory  along  the  ground  track. 

However,  the  ADLAT  software  involves  a  large  number  of  aircraft-specific  coefficients. 
Although  use  of  this  software  is  straight  forward,  it  was  felt  to  be  unnecessar i ly  cum¬ 
bersome  for  a  simple  emulation  of  ADLAT.  Thus,  the  same  techniques  used  in  generating 
the  ground  track  were  used  for  this  emulation. 

Ver t  ic a 1  a nd  Horizontal  Command  Generation 

The  trajectory  parameters  were  combined  with  a  point  mass  aircraft  model  similar  to  that 
used  in  Ref.  [2]  to  generate  inertial  axis  motion.  The  heading  ij,  and  flight  path 
angle  y  are  known  at  one  second  intervals  from  the  trajectory  determination.  Thus,  all 
inertial  commands  as  indicated  in  Figure  2,  as  well  as  bank  angle  ,  can  be  specified  in 
terms  of  t,  v,  and  the  horizontal  and  vertical  controls  used  at  each  time  step. 

RESULTS 

The  Dynapath  Algorithm  has  been  implemented  on  a  VAX  11/750  in  FORTRAN.  Lateral  path 
examples  are  shown  in  Figures  8  and  9.  The  terrain  altitude  in  these  figures  is  coded 
in  gray  levels,  with  dark  corresponding  to  lower  altitudes  and  light  to  higher  alti¬ 
tudes.  The  terrain  is  not  real  terrain,  but  rather,  has  been  designed  to  test  out  fea¬ 
tures  of  the  algorithm.  (Unfortunately,  the  full  dynamic  range  in  gray  levels  has  been 
lost  through  the  photo  reproduction  process.)  The  computed  ground  track  in  Figure  8 
starts  on  the  left  side  of  the  patch  and  makes  a  sharp  turn  to  exit  in  the  lower  right 
hand  cornet  of  the  patch,  corresponding  to  the  lowest  altitude  corridor.  Here  the  maxi¬ 
mum  bank  angle  was  60°,  and  for  the  aircraft  speeds  involved  the  sharp  maneuver  was  pos¬ 
sible.  For  this  patch  computation  the  boundary  conditions  accepted  the  lowest  cost  tra¬ 
jectory  that  exited  anywhere  at  the  end  of  the  patch. 

Note  that  the  path  has  several  kinks  (discontinuities  in  the  first  derivative),  in  ap¬ 
parent  contrast  to  the  assertion  made  earlier  regarding  smooth  trajectories.  Here,  the 
kinks  are  due  to  the  display  of  only  the  dynamic  programming  states  after  the  initial 
tree.  The  dynamic  programming  states  are  from  a  source  to  an  end  node,  and  do  not  in¬ 
clude  the  intervening  branches.  The  straight  lines  connecting  the  sources  to  end  nodes 
then  result  in  the  kinks.  Since  only  the  first  part  of  the  track  is  actually  flown,  the 
downstream  kinks  do  not  matter.  As  noted  already,  the  actual  path  -  without  kinks  -  can 
be  retrieved  if  desired. 

Figure  9  shows  the  same  scenario  but  for  a  maximum  bank  angle  o  '  instead  of  60°. 

Here  the  turns  are  necessarily  less  sharp,  which  prevented  a  maneuver  to  reach  the  lower 
right  hand  corridor.  Instead,  the  less  deep  upper  right  hand  corridor  was  optimal  for 
the  given  aircraft  constraints. 


figure  10.  Achieving  Global  Figure  11.  Achieving  Global 

optimality  -  60°  Maximum  Optimality  -  30°  Maximum 

bank  Angle  Case  Bank  Angle  Case 

Global  Opt imal i ty 

Figures  1U  and  11  suggest  how  global  optimality  is  actually  achieved  in  this  TF/TA  ap¬ 
proach.  Figure  10  shows  the  complete  set  of  trees  that  is  generated  when  the  maximum 
bank  angle  is  hU°.  These  trees  have  been  selected  using  the  dynamic  programming  over¬ 
lay,  the  trees  are  successively  pruned,  from  which  new  trees  are  generated,  etc.,  to  the 
end  of  the  patch.  The  optimal  path  is  then  selected.  When  the  maximum  bank  angle  is 
only  30°,  then  the  number  of  possibilities  is  much  smaller  as  shown  in  Figure  11.  Al¬ 
though  the  entire  region  is  covered,  the  coverage  is  much  less  dense  than  when  the  air¬ 
craft  maneuverabi 1 i ty  is  larger  as  in  Figure  10. 

Vertical  Profiles 

For  the  lateral  ground  track  that  is  found,  the  vertical  profile  is  then  computed.  It 
is  based  on  an  emulation  of  ADLAT,  where  the  vertical  set  clearance  is  a  constant  bias 
above  the  terrain.  Figure  12  shows  a  typical  example,  where  the  trajectory  follows  the 
general  terrain  features  while  staying  at  or  above  the  set  clearance.  The  aircraft  can- 
n 't  dip  lower  into  the  troughs  because  this  would  violate  either  the  maximum  dive  angle 
fit  15°  or  the  maximum  negative  g  load  used  in  this  example. 

Notice  the  following  interesting  distinction  tcom  ADLAT  operation,  whereas  ADLAT  opera¬ 
tion  imposes  the  somewhat  arbitrary  boundary  condition  that  the  flight  must  be  at  a  0° 
flight  path  angle  at  the  top  of  each  hill  in  the  terrain,  this  boundary  condition  is  not 
imposed  in  the  optimal  control  implementation.  Generally,  the  condition  of  0°  flight 
path  angle  will  result  at  pushover  in  the  present  approach  if  the  terrain  is  symmetric 
in  its  altitude  profile  on  either  side  of  a  hill.  However,  if  there  is  a  systematic  up¬ 
wards  or  downwards  slope  to  the  terrain,  then  the  flight  path  angle  at  pushover  will  be 
non-zero  accordingly. 


figure  12.  Typical  Terrain  Following  Profile, 

Along  Ground  Track 

r ’  eject  _>ry  Slmiit  A  Waypo  i  nt 

figure  li  sn  a  case  where  the  waypoint  exit  direction  is  shown  as  a  straight  line 

witr,  in  irr  w,  and  the  entry  is  trom  the  left.  The  performance  measure  used  in  this  ex¬ 
es;  i  i  •  ■  fas  ><n  terms.  The  first  term  rewards  a  close  approach  to  the  waypoint  without 
i  'tuafly  requiring  flight  over  the  waypoint  as  a  hard  constraint.  The  second  term  is  an 


altitude  penalty  implemented  as  an  H2  contr  ibut  ion .  As  a  result  of  this  second  term, 
the  {round  track  is  not  perfectly  along  the  suggested  waypoint  exit  direction.  Rather, 
j.irn  deviates  slightly  to  the  right  to  gain  the  advantage  of  the  low  altitude  corri 
hr.  other  examples  could  be  shown  for  paths  about  waypoints,  but  they  are  all  fairly 
mid:  1  i!  . 


Figure  13.  Waypoint  Example 

Thus,  trajectories  about  waypoints  can  be  developed  as  a  fairly  straightforward  exten¬ 
sion  beyond  the  normal  TF/TA  patch  calculat ions .  The  interesting  feature  of  this  exten¬ 
sion  is  that  a  desired  motion  around  waypoints,  the  aircraft  maneuvering  dynamics,  and 
terrain  proximity  considerations  are  ail  treated  in  an  integrated  manner. 

The  previous  AGARD  paper  (1)  indicated  how  threat  and  target  masking,  combined  with  tar¬ 
get  illumination  constraints,  can  be  combined  with  a  curvilinear  weapon  delivery  profile 
that  enhances  survivability.  The  above  techniques  for  treating  trajectories  about  way- 
points  can  also  be  used  to  address  the  complex  curvilinear  weapon  delivery  problem. 

Here  also,  terrain  features  are  an  integral  part  of  the  weapon  delivery  profile  and  are 
directly  incorporated  through  the  real-time  optimization  process. 

CONCLUDING  REMARKS 

The  Uynapath  TF/TA  Algorithm  appears  to  have  achieved  the  original  goals  of  being  compu¬ 
tationally  and  memory  efficient  in  optimizing  the  TF/TA  performance  measure.  The  three 
dimensional  TF/TA  trajectory  requires  no  smoothing  before  handoff  of  the  associated  com¬ 
mands  to  the  pitch  roll  decoupler;  in  short,  the  trajectory  is  flyable. 

Twf-  versions  of  the  algorithm  were  implemented  in  computer  code,  although  only  the  ver¬ 
sion  reported  in  this  paper  has  undergone  simulation  testing  in  the  Air  Force  to  date. 

In  i  system  context,  the  Dynapath  Algorithm  must  interface  with  a  fast-response  process- 
in;  algorithm  associated  with  the  immediate  sensor  range  (cf.  Figure  J),  as  well  as  with 
trie  broader  considerations  associated  with  threat  avoidance  such  as  in  Tactical  Flight 
Management  (6j.  It  presently  appears  that  the  interface  with  a  fast  processing  sensor 
rjr  p  algorithm  can  be  achieved  in  several  ways.  Indeed,  it  may  even  be  possible  to  use 
t:i»-'  Dynapath  algorithm  itself  for  this  near-term  processing  function. 

I  r.  in  airborne  implementation  there  is  typically  interest  in  parallel  processing  archi- 
tf  -tjt.'s  to  accelerate  the  processing.  The  Dynapath  Algorithm  lends  itself  to  an  imple¬ 
ment  'it  i ■  'h  using  such  parallel  architectures.  As  a  result,  we  believe  a  subsecond  pro- 
cssin  ;  time  requirement  is  a  realistic  goal  for  this  algorithm. 
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RE  FUME 

P  r  c*  t‘»  i  l  ion  d'un  senseur  optique  a  laser  CO  du  type  Ulom^triquc  permettant  l’acquisi- 

tion  des  distances  portour-terrain  en  champ  large.  Les  donndes  acquises  en  temps  r6el  par 
•ir.  calculateur  de  type  UMP  7800  permettent  de  g<5n£rer  et  d'entretenir  une  carte  du  terrain 
environnant  le  porteur  en  coordonn^es  g <5ogr aphiques  .  Cette  carte  rend  possible  l'61abora- 
tion  d’ur.e  trajectoire  optimale  de  navigation  a  tres  basse  altitude,  optimises  pour  1*6- 
vituaent  de  terrain.  Co  senseur  a  dte  experiments  sur  le  site  de  Villacoublay  en  1984  et 
subit  actuellement  des  ecsais  en  vo 1  au  C.  E.  V.  Les  rdsultats  des  experimentations  au 
sol,  en  analyse  statique  et  dynamique,  sont  prdsent^s . 


1 .  I NTRODUCTION 

Le  senseur  etudi£  et  rdalis^  par  la  SFENA  a  pour  vocation  de  permettre  a  un  avion  d'armes 
J'effectuer  du  suivi  et  de  l'dvitement  de  terrain  A  trds  basse  altitude  dans  des  condi¬ 
tions  de  security  satisf aisantes .  11  est  constituy  principalement  d*un  t£16mdtre  h^t^ro- 
jyne  d  compression  ;  ' impulsions,  d'un  dispositif  de  balayage  et  d'un  calculateur  permet¬ 
tant  do  traiter  en  temps  rdel  les  informations  de  distance  et  de  direction  de  visde. 

i  ;«*s  avantages  par  rapport  5  des  radars  cen  timd  triques  sont  ceux  li<5s  d  1 '  u t i 1 i sa t i on  du 
laser  : 

-  t  r  »■  s  forte  directivity  du  rayonnement  d '  o0  une  grande  resolution  spatiale  ; 
iiscretion  d' utilisation  et  insensibility  au  brouillage  ; 

-  compact  te  compatible  avec  un  montage  en  pod. 

Le  choix  du  laser  CC^  (10,6  ^ m)  apporte  les  avantages  dus  A  la  longueur  d ' onde  : 

-  xci lleurc  transmission  a tmosph^r ique  que  celle  des  rayonnements  visibles  et  proches 
infrarouges  ; 

-  bonne  coherence  spatiale  ? 

-  bon  rendement  yiectro-optique  du  laser  ; 

-  security  oculaire  accrue. 


-  -  OSjCRIPTION  du  capteur  optique 

L-i  configuration  optique  retenue  est  celle  d'un  i  n  ter  f  6  rome  tre  de  MACH-ZENDER  modifiy 
4 figure  1).  Elle  utilise  notamment  : 

-  .in  laser  CO^  guide  d’ondes  de  QUANTEL  d'une  puissance  de  5  Watts  ; 

-  un  moiiilateur  acous  to-optique  (M  .  A.  O.)  qui  permet  de  superposer  d  1  '  Emission  laser 
ur.‘*  modulation  lindaire  de  frequence  ; 

-  unr  combi nai non  afocal  d  ioptrique-afoca  1  catoptrique  qui  r<5duit  la  divergence  d'6mission 

i  0,6  n  r  '.i  ; 

-  un  syst£me  de  balayage  du  type  diasporamdtre  d  prismes  tournants  ; 

-  un  detecteur  HgCdTe  refroidi  d  77  K. 

Les  Emissions  du  capteur  sont  d^clench^es  a  partir  des  informations  de  codage  du  syst^me 
de  balayage.  Celui-ci  gi5ncre  une  figure  invariante  dans  le  repdre  du  porteur,  inscrite  d 
l'int6rieur  d'un  cone  dont  l'angle  au  sommet  est  de  40°.  La  frequence  de  r<§p£tition  des 
Emissions  est  fixde  par  le  nombre  de  gravures  d6pos§es  a  la  p4riphdrie  des  prismes  et  par 
la  vitesse  de  rotation  du  d i as por amd tr e .  Elle  est  de  10  kHz  au  maximum,  avec  une  p^riode 
d'  image  de  200  ms.  La  trace  de  la  figure  de  balayage  cor r espondan t  d  ces  conditions  expy- 
rimentales  a  oty  reportoe  en  figure  2. 

Le  signal  enis,  apres  reflexion  sur  la  cible  et  focalisation  sur  le  detecteur,  est  convcr- 
ti,  par  lytection  hetdrodyne,  d  une  frequence  i n te rmddi ai r e  dans  la  bande  96-150  MHz  puis 
rcnprime  par  des  composants  d  ondes  acoustiques  de  surface. 

Le  capteur  optique  dyiivre  done  les  informations  suivantes  : 

-  des  impulsions  <3* environ  100  ns  de  large,  permettant  la  determination  de  la  distance 
porteur-terriin  ; 

les  tops  de  declenchoment  issus  du  diaspora md tre  pour  identifier  la  direction  d' Emission 
dans  le  rep ere  du  porteur  ; 

-  des  tops  de  recalage  pyrtodiques  pour  surveiller  le  f one tionnemen t  du  d i aspor amd tr e - 


i.  DESCRIPTION  DE  LA  CHAINE  DE  TRA I TEMEHT 


L  '  a ;qu  i  s  i  ti on  et  le  traitement  des  raesures  issues  du  captour  optiqur  ainsi  que  1  'acquisi¬ 
tion  des  informations  necessaires  a  ces  operations  sont  assures  par  urie  unite  de  traite- 
xont  riumorique  articulee  autour  d'une  unit#  centrale  de  type  UMP  7800.  La  planche  1  m<  ntr 
1'  architecture  de  cette  unit#. 

Outre  La  determination  precise  des  distances  porteur-terrain,  elle  pcrmet  d'eiaborer  et 
J'entretenir  en  temps  r#el  une  carte  altimdtrique  du  terrain  onvironnant  le  porteur  en 
coo r donn#e s  qeographiques  . 

Co;;  taches  sont  assures  par  un  module  microp rog r ammab le  de  gestion  autoraatique  des  dchan 
ges,  associe  a  un  module  de  comptage  et  A  une  extension  comprenant  notamment  les  cosinus 
Jirecteurs  des  directions  de  visde.  La  carte  terrain  elabor#e  par  le  capteur  LIDAR  a  les 
c ar ac t # r i s t i ques  suivantes  : 

-  dimensions  de  l'espace  enregistre  :  (10240  m)  ; 

-  systemes  d'axes  g#ographiques  (Nord-Es t-Ver ti cale)  ; 

-  resolution  horizontale  40  m  ; 

-  resolution  verticale  :10m; 

-  volume  de  memoire  n#cessaire  :  36  kmots  de  16  bits. 

Cet^e  :ar te,  centric  en  permanence  sur  le  porteur,  est  decouple  en  blocs  de  320  m  de  cot# 
Dans  cheque  bloc  sont  memorisees  les  32  informations  les  plus  rdcentes .  Les  informations 
anciennes  sont  #limin#es  au toma t iquemen t  par  une  gestion  circulaire  du  contenu  des  blocs. 

Cette  architecture  permct  d'obtenir  une  bonne  connaissance  du  relief  par  accumulation 
J'  images  sue cc s s i ve s  et  autorise  A  la  fois  1'  inddpendancc,  1 '  as  ynchr  oni  sine  ou  la  simulta- 
ies  processus  d  'acquisi  tion  et  d  '  exploi  tation  de  1 '  informa  tion  .  A  partir  de  cette 
carte  de  terrain,  de  la  trajectoire  de  navigation  d#finie  au  coups  de  la  preparation  de 
mission  et  des  limites  devolution  de  l'avion,  il  est  possible  : 

-  J  ' eld  borer  une  trajectoire  optimale  de  navigation  a  tres  basso  altitude  optimisde  pour 
1  '  v  l  t<*  t  de  turraln,  ainsi  que  les  commandos  successives  permettant  A  l'avion  de 
s.uvro  exactement  cette  trajectoire  ; 

-  .U*  caleuler  la  courbe  de  d#gagement  et  do  la  faire  suivre  a  l'avion  si  un  obstacle  ost 
d  e  t  e  c  t  e  t  a  t  d  ivomont  . 


4  *  PERFORMANCES  ET  RESULTATS  EXPERIMENTAL 

Dans  sa  definition  actuelle,  le  capteur  LIDAR  offre  les  performances  suivantes  : 

-  champ  d'ar.alyse  :  cone  de  40°  d’angle  au  somraet  (valeur  typique )  ; 

-  echan t i 1 lonnage  angulaire  variable  du  centre  au  bord  du  champ  (valeur  maximale  1,5°  pou 
40°  de  couverture  totale  sur  une  image,  0,75°  sur  une  p#riode  m#canique)  ; 

-  precision  de  la  mesure  de  distance  :  inf#rieure  a  20  m  ; 

-  p  #  r  i  o  d  e  de  renouvelleraent  des  mesures  :  200  ms  b  1  s  ; 

-  noir.br  <»  maximum  de  points  analyses  par  image  :  2000. 

Les  osrais  en  statique  (axe  de  vis#e  point#  dans  une  direction  d#termin#e  sur  le  site  de 
y  i  I  1  acoub  lay )  ont  donne  les  r#sultats  suivants  : 


-  detection  de  pylones  metalliques  a  6,6  km  de  distance  (reflexion 

-  detection  de  terrain  herbeux  (diffusion  pure)  b  2  km  de  distance 

-  =  1  3  dB 

Nmoyen 


sp#culaire)  ; 

sous  incidence  rasante 


iet.ee  tion  d 


'immeuble  a  composante  sp#culaire  mod#ree  a  4,2  km  de  distance 
S  =  30  dB 


1  o  t  o c  ti'jn  d'arbres 


3  ,  5  km 


Nmoyen 
S 


'or;  fr-ui  tats  ont  et#  obtenus  dans  des  conditions  a  tmosph#riques  favorables  (attenuation 
l  t“;f:  sph#  r  ique  inferieure  a  1  dB/kra).  Le  tableau  de  la  planche  2  montre  1  '  evolution  th**e- 
■iqse  io  p or  tee  du  capteur  en  fonction  des  conditions  atmosphdriques. 

Jr.e  analyse  statistique  effectu#e  sur  des  #chos  provenant.  du  terrain  A  1  ,  5  km  de  distance 
i  r. r.  t  r  *'■  rje  pour  un  rapport  signal  A  bruit  moyen  de  16  dB,  environ  0C  %  d  e  ces  #chos  fc- 
'  '  r.  *  .1  #  t  •;  '  t  •*  a  avec  un  seur.l  a  10  dB  uu-dessuF?  du  bruit. 


i  *  '.r.rt  ■  represente  les  points  le  la  figure  de  ba.ayage  ayant  donne  lieu  a  au  mo  ins  un 

j  .  ••tie  inquisition  correspond  i  un  temps  d'unalyse  de  0,6  s,  conduisant  b  3  1600  cm  is 

.nn  r  i  t.jJe  i  *  #ir.  i  s  >;  i  o  n  :  ?C0  .  Ell*.*  fair  apparaitro  un  taux  global  le  detect!  on  tie 

l.  *  r  •  j  w  r  ies  obstacles  **tal#s  entrf  8  m  et  1*2  14  m.  C'ompt.e  tonu  du  no  mb  re  important  de 

*  ;  •  ir.  •  *  r  ;  **  r;  eu  Urocf  ion  du  ciol  et  de  la  presence  d'une  fenet.ro  temporolle  limitant  la 

> » r  ?  ■.  •  *  <  i  j  7  1  ;  r. ,  on  pc  at  prod  ire  que  la  probabilit#  de  detection  du  terrain  sur  plusieurr, 

•  «ie»;  s  ,  e*;uiver.,  i  j- i  huit,  est.  de  I'ordre  do  80  ,  tous  obstacles  eonfondus. 


,i:  ;'ii  tions  ont.  #t#  trait#©.1;  hors  temps  reel  par  un  c.alculateur  HP  9836  et  pr#sont#e: 

•  :  e  r  ir  !•»:;  plans  verticaux  per  pend i eg ] a i res  A  l’axe  moyen  de  vis#e.  Ces  d#ooupos 
*  *  ■*  1;  r'*cs  ear  un  flltrage  median  sur  troir.  points  pour  id  trainer  les  points  isol#s 
•/:<*■  p  y  l  n  *•  *- 1  irbres  a  f  i  n  d  *  e  n  f  ac  i  1  iter  1  *  i  n  t  <irprf-r.it  ion. 


r>f,‘'u!*ats  obtcnus,  sup«rpos<!‘S  a  une  photograph^  e  du  site  do  V 1  l  lar  ub  la  y ,  sont  prt-aen 
t  s  v  i.  f  .'Tire  -1. 


. .  c  i oh 

Les  rtsaltats  c*  xper  i  men  t  au x  acquis  en  1984  sont  conformos  aux  objectifs  de  performances 
t i x e s  au  systOrae  LIDAR. 

Lc*  capteur,  i  nt^gr«§  dans  une  configuration  compacte,  subit  actuellement  des  essais  en  vo  1 
cur  helicoptere  au  C.  E.  V.  avec  soutien  du  STTE . 

ParalUlenent  des  travaux  d  '  <5  tude  sont  men6s  pour  accroltre  les  possibility  du  systfime. 
Parmi  les  fonctions  envisages  on  peut  clter  : 

-  la  detection  de  mobiles  ; 

-  la  navigation  Doppler  ; 

-  I1 aide  i  la  conduite  de  tir. 


r>  * 
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!  (<  2,5  mm/heure)  ! 

■  ! 

:  o 

!-  precipitations  de  20  ti  ! 

!  30  mm/heure  (forte  ! 

!  pluviosite)  ou  ! 

1  , 1  km  !-  brouillard  leger  ou  ! 

!-  fort  crachin  (diamStre  de  ! 

!  gouttes  important)  ! 

!-  visibility  optique  de  ! 

!  1'ordre  de  500  m  i 

!  ! 

2  0 

!  "  — —  - r 

tres  fortes  precipitations  ! 

550  m  !  ( >80mm/heure)  ou  ! 

!-  brouillard  modSre  ! 

i  (visibilite  SI  300m)  ou  ! 

!-  crachin  moderd  ! 

In  r.iortro  era  leu  .Mo  suppose  que  1 'on  teldmStre  le  raeme 
c s  t  n c  : o  dans  les  memos  conditions  pour  obtenir  un  rapport 
-'1'ir.n!  ’i  bruit  i  dentique  er.  ne  modifiant  que  les 
trend  i  t  ions  atmospher iques . 


Evolution  de  la  portee  en  fonction  des  conditions 
a t mospheriquon . 


Lnregistrement  M02  du  01/03/85 


>  1 3388  mesures 


Nombre  d' images  analysees 

Nombre  d'emissions  effectuees 

Nombre  de  mesures  effectuees 

Taux  global  de  detection  (mesures/emissions) 

Nombre  d'axes  de  visee  par  image 

Nombre  d'axes  de  visee  couverts 

Taux  de  couverture  du  champ 


--->  0008 
--->  031680 
--->  01338b 
--->  42.3  ’/ 

--->  3960 

--->  2065 

-  -  -  >  52.1  '/. 


F.mURii  :  POINTS  DE  LA  FIGURE  DE  BALAYAGE  AYANT  DONNE  LIEU  A  AU  M0 1  NS  UN  ECHO 
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RESUME 

Involution  des  exigences  des  hellcopteres  mllltalres  modernes  entralne  une  evolution  de  leur 
systeme  de  navigation  qul,  de  simple  senseur  de  position,  devlent  un  veritable  organe  centralist  de 
■jest  Ion  de  mission. 


Apres  un  rappel  des  besolns  operatlonnels  modernes,  et  des  systemes  de  navigation  autonome 
encore  utilises  aujourd'hul,  on  trouvera  une  presentation  du  systeme  de  navigation  et  de  gestlon  de 
mission  NADIR  MK2  developpe  par  la  Soclete  CROUZET  pour  satlsfalre  ces  nouvelles  exigences. 


1 .  INTRODUCTION. 

Le  besoln  d'une  navigation  de  haute  quallte  a  toujours  ete  present  pour  l'accompllssement  des 
missions  devolues  aux  hellcopteres  mllltalres. 


A 1  n s 1 ,  selon  les  dlfferentes  phases  d'une  meme  mission,  et  selon  les  dlverses  missions 
reallsees,  on  retrouve  des  caracterlstlques  majeures  qul  s'appllquent  au  systeme  de  navigation,  telles 
que  la  precision,  la  flablllte,  la  redondance  d ' Informat  Ions ,  l'autonomle,  l'automatlsatlon. 


Aujourd'hul,  les  capacltes  et  les  performances  crolssantes  des  hellcopteres  Indulsent  un 
accrolssemeot  du  nombre  de  missions  specif  Iques  pour  un  mtme  type  d'htllcoptere,  la  complexlte 
crolssante  des  systemes  d'armes  un  accrolssement  de  la  charge  de  travail  de  l'equlpage,  dans  un 
envl ronnement  menacant. 


Les  technologies  modernes  ut 1  Usees  dans  les  systemes  de  navigation  pour  hellcopteres 
permettent  desormals  de  satlsfalre  ces  besolns  et  d'assurer  de  hautes  performances  tout  en  llmltant  le 
polds,  le  volume  et  le  coOt  des  equlpements.  Des  fonctlons  nouvelles  sont  Introdultes.  Peu  A  peu,  le 
systeme  de  navigation  se  transforme  en  organe  de  gestlon  complete  de  la  mission. 


2.  LES  BESOINS  OPERATIONNEIS. 

Les  besolns  operatlonnels  en  matldre  de  navigation  peuvent  etre  repertories  selon  trols  types 

de  vol  : 

-  vol  de  crotslere, 

-  vol  tactlque, 

vols  speclflques  des  missions  navales. 


2.1.  Vol  de  crolslere . 

Cette  phase  de  vol  est  commune  A  toutes  les  missions  njvales  ou  terrestres,  mals  son  Importance 
varle  selon  la  mission.  Elle  constltue  par  exemple  l'essentlel  du  vol  pour  les  missions  de  transport 
tactlque  ou  d'evacuatlon  sanltalre. 


Durant  cette  phase,  les  premieres  qualltes  demandees  au  systeme  de  navigation  sont  certalnement 
la  precision  de  posltlonnement  et  l'autonomle,  c'est-A-dlre  1 1  Independence  vis  A-vIs  des  aides  A  la 
radio-navigation,  qul  pourralent  etre  faussees  ou  dAtrultes  en  cas  de  confllt. 


A I  ns  1 ,  pour  les  missions  de  transport  tactlque  par  exemple,  chaque  heilcoptere  peut  navlguer 
IndApendamment  des  autres  et  deposer  ses  troupes  en  toute  sAcurlte  au  point  de  ralllement  cholsl. 


La  navigation  autonome  dolt  pouvolr  Stre  recalee  alsement  au  passage  a  la  vertlcale  de  points 
de  report  caracterlstlques,  ou  a  partlr  d ' Informations  de  radio  navigation  lorsqu'elles  sont  presentes. 
le  vo 1  est  alnsl  constltue  d'une  succession  de  segments  rejolgnant  ces  dlfferents  points  pour  former  un 
plan  de  vol  que  le  systeme  de  navigation  dolt  gArer,  chaque  point  etant  repAre  par  un  code  alphabAtlque 
ou  numerlque. 

Enfln,  1 ' economic  du  carburant  constltue  un  objectlf  Important  de  1’Aqulpage  durant  cette  phase 
ou  le  prof  11  du  vol  dolt  Atre  BptlmlsA  en  fonctlon  des  conditions  de  vent,  de  1'horalre  prAvu  et  de  la 
masse  embarquee. 


2.2  Vol  tactlque. 


Les  phases  de  vol  tactlque  se  retrouvent  dans  les  missions  de  type  “AAromobllltA  terrestre" 
tel les  que  la  reconnaissance,  1 1  Identification  de  clble,  les  missions  Air-Sol  et  plus  partlcullArement 
les  missions  anti-chars.  Durant  une  telle  phase  de  vol,  1 'hAllcoptAre  vole  au  ras  du  sol,  effectue  des 
evolutions  serrees  ou  des  vols  statlonnalres  entre  les  arbres.  La  trajectolre  est  fortement  perturbAe  et 
1 'equipage  est  concentre  sur  les  tSches  de  pilotage  d'une  part,  et  sur  1'AxAcutlon  de  sa  mission  propre 
d'autre  part. 


Cette  phase  de  vol  peut  comprendre  1'AxAcutlon  d'une  mission  offensive  avec  attaque  d'objectlfs 
au  sol  ou  en  vol  au  canon,  a  la  roquette,  au  missile. 


Les  consequences  pour  le  systeme  de  navigation  sont  : 

malntlen  d'une  bonne  precision  de  posltlonnement,  a  basse  altitude  et  dans  un  envl ronnement 
difficile  ; 

-  securlte  indispensable  de  1 ' Information  de  position  ; 

Minimisation  de  la  charge  de  travail  de  1 'Equipage  :  le  systeme  dolt  llberer  1'Aqulpage  de 
tout  soucl  concernant  sa  navigation  ; 

-  d'autres  fonctlons  sont  Agalement  souhaltables,  pour  fournlr  une  a'ue  maximale  a  1'Aqulpage, 
par  exemple  : 

•  calcul  contlnu  du  vent,  meme  a  tres  basse  vltesse, 

•  aide  A  la  gestlon  des  frequences  radio, 

•  prediction  de  conditions  marglnales  telles  que  le  survol  de  zones  Interdltes,  l'approche 
d'une  llmlte  de  puissance  dlsponlble,  l'attente  d'une  reserve  de  carburant  preafflchee, 
etc  ... 

-  enfln  lorsque  la  mission  comporte  1 ' utl 1 Isatlon  d'un  armement,  toute  puissance  de  calcul 
dlsponlble  a  bord  de  la  machine  peut  Atre  utlllsee  pour  optlmlser  I'efflcaclte  de 
l'armement  :  cela  peut  litre  le  cas  du  calculateur  de  navigation. 


2.3.  Proflls  de  vols  marltlmes. 

Les  missions  navales  Incluent  : 

les  missions  de  recherche  et  sauvetage  (S.A.R.)  ; 

-  les  missions  anti-surface  (A.S.F.)  ; 

-  les  missions  anti-sous  marines  (A.S.M.). 

De  telles  missions  exigent  des  caracterlstlques  spAcIflques  du  systeme  de  navigation,  du  fait 
qu'elles  sont  effectuAes  au-dessus  de  la  mer  et  souvent  A  partlr  d'une  fregate  ou  d'un  porte-avlons . 

On  retrouve  des  caracterlstlques  dAJA  cltees,  notamment  l'autonomle,  mals  Agalement  des 
necessltes  telles  que  : 

la  redondance  d ' Informations  pour  assurer  une  securlte  maximale  aucun  repAre  n'etant 
dlsponlble  au  dessus  de  la  mer  ; 

la  memorisation  de  figures  speclflques  aux  missions  navales  appelees  "patterns"  qul 
permettent  le  quadrlllage  systematlque  d'une  zone  de  recherche  ; 

1 ' ut 1 1 1  sat  Ion  de  coordonnees  grille  (x,  y),  en  reference  a  un  centre  grille  ; 

•  1’entretlen  de  la  position  de  buts  "mobiles’,  c'est-d-dlre  affectAs  d'une  vltesse  (par 
exemple  :  le  porte-avlons)  ; 


1  'execution  de  corrections  fonctlon  de  l'Atat  de  la  mer  (vent  de  surface)  ; 
le  couplage  aux  divers  organes  du  systAme  d'armes,  en  partlculler  : 

•  le  pllote  autoraatlque,  pour  une  condulte  automatlque  de  1 'hAllcoptAre  vers  un  but  ou  le 
long  d'une  trajectolre  prA-dAtermlnAe, 

•  le  radar  de  recherche  pour  d'une  part  permettre  4  celul-cl  l'entretlen  d'une  situation 
tactlque,  et  d'autre  part  Introdulre  en  but  de  navigation  tout  Acho  partlculler  cholsl  par 
1'opArateur  radar, 

•  le  systAme  de  lancement  de  missiles, 

•  le  systAme  de  detection  (SONAR,  systAme  de  bouses  acoustlques,  MAD). 


3.  LES  SYSTEHES  OE  NAVIGATION  ACTUELS. 

les  hAllcoptAres  mllltalres  actuels  sont  gAnAralement  dotAs  d'un  systAme  de  navigation  autonome 
comprenant  les  AlAments  sulvants  : 

-  un  radar  doppler  lAger,  adaptA  aux  besolns  des  hAllcoptAres  ; 

-  un  calculateur  de  navigation  lAger,  dlsposant  d'une  face  avant  permettant  1 'Insertion 
d'ordres  et  la  visualisation  d ' Informations  InstallA  dlrecteroent  sur  la  planche  de  bord  ; 

-  un  anemometre  compensA  fournlssant  la  Vitesse  Propre  (TAS)  de  1 'hAllcoptAre  nAcessalre  pour 
la  determination  du  vent  ; 

-  une  source  de  cap  de  type  gyro-compas  ; 

-  une  refArence  de  vertlcale  gyroscoplque  ; 

-  un  (ou  plusleurs)  Indlcateur  de  navigation. 

II  en  est  alnsl  du  systAme  de  navigation  concu  autour  du  calculateur  NAOIR  de  CR0U2ET  et 
InstallA  sur  les  PUMA  et  GAZELLE  "HOT"  de  l'ALAT  Francalse. 


Radar 

Doppler 


Anemometre 

Vp 


Indlcateur 
de  NAV 


Calculateur 


Gyro  de 
vertlcale 


Indlcateur 
de  NAV 
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Un  tel  systeme  possede  des  qualltys  telles  que  : 

•  navigation  autonome,  de  bonne  precision  {de  1'ordre  de  2  %  de  la  distance  parcourue  sur 
terre,  dans  95  X  des  cas)  ; 

-  falbles  polds,  consommatlon,  volume  ; 

-  aide  appreciable  fournle  d  l'yqulpage  : 

•  guldage  vers  un  but, 

•  simplicity  d ' utl 1 Isatlon, 

•  gestlon  d'un  plan  de  vol  (llmlty  a  9  buts), 

•  execution  possible  de  certalnes  fonctlons  spyclflques  aux  missions  navales  telles  que 
patterns,  coordonnees  gdograpblques  polalres  ou  grille,  buts  mobiles,  couplage  au  pllote 
automatlque  et  au  radar  de  recherche. 


Toutefols,  face  a  Involution  raplde  des  systemes  d'armes  et  de  l'avlonlque  des  hellcoptyres, 
alnsl  qu'a  la  diversity  des  missions  envlsagees  pour  un  m#me  hyilcoptyre,  un  systeme  de  navigation  tel 
que  celul  decrlt  cl  dessus  s'avere  souvent  Insufflsant. 


4.  LA  6EST10N  DE  MISSION. 

Le  systeme  de  navigation  des  hellcopteres  yvolue  aujourd'hul  vers  une  definition  plus  coroplexe 
repondant  aux  besolns  des  utl 1 Isateurs ,  et  a  revolution  de  l'avlonlque  : 

necessity  <1 1  une  redondance  d ' Informations  de  navigation  pour  assurer  la  sycurlty  de  la 
mission  et  de  1 ' hy 11c opt6r e  ; 

-  gestlon  d'un  plan  de  vol  plus  complexe  ; 

-  automatlsatlon  poussee  de  la  navigation  ; 

Introduction  de  fonctlons  nouvelles  permettant  d'optlmlser  le  proftl  du  vol  : 

•  gestlon  carburant, 

-  aide  a  la  selection  des  frequences  radio, 

•  anemometrle  tout  domalne  de  vol, 

-  nombre  croissant  d' Interfaces  avec  les  autres  yqulpements  du  systeme  ; 

dl sponlbl  1 1 te  d'une  puissance  de  calcul  Importante  pour  assurer  des  fonctlons  speclflques  a 
la  mission  ; 

-  Integration  des  dlfferentes  fonctlons  dans  un  m&me  yqulpement,  afln  de  dlmlnuer  les  coOts 
recurrents  du  systyme. 


5.  UN  SYSTEME  CENTRALISE  DE  NAVIGATION  ET  DE  &ESTI0N  DE  MISSION. 

Pour  repondre  d  revolution  de  la  fonctlon  navigation  sur  les  hyilcopteres  mllltalres  modernes, 
..R0U2EI  a  developpe  le  NADIR  MK2,  calculateur  de  navigation  et  de  gestlon  de  mission. 


5.1.  Description . 

NAOIR  MK2  est  composA  : 

d'un  Poste  de  Cormtande  et  de  Visualisation  (PCV)  de  falbles  dimensions,  dote  d'un  large  ecran 
a  tube  cathodlque  et  d'un  clavier  a  touches  fonctlonnel les  d’un  cftte,  alphanumyrlques  de 
l'autre  ;  le  PCV  est  en  outre  capable  de  se  connecter  d  un  Dlsposltlf  d'Insertlon  de  DonnAes 
(DIO)  automatlque  sur  sa  face  avant  ; 

-  d'un  Element  Principal  (EP)  de  tallle  redulte  (4  MCU,  b  kg)  mals  neanmolns  dote  d'un 
calculateur  trus  puissant.  La  technologle  utlllsee  permet  de  couvrlr  1'ensemble  des  besolns 
actuels  et  de  conserver  une  trys  Importante  provision  d'espace  pour  1' Introduction  de 
fonctlons  nouvelles. 
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le  coeur  du  systdme  est  une  unit*  arlthmdtlque  pulssante  concue  par  CROUZET  pour  servlr  comme 
module  de  base,  a  dlfferents  equlpements.  Ce  calculateur,  baptist  ALPHA  732  pr£sente  les 
caracterlstlques  sulvantes  : 


fonctlonnement  et  echange  de  donnees  sur  32  bits  en  vlrgule  fixe  et  24  *  8  bits  en  vlrgule 
flottante  ; 

-  puissance  de  traltement  de  la  classe  1  Mop/s  ; 

-  capaclte  d'adressage  largement  sufflsante  par  l’ensemble  des  besolns  Identifies  : 

2  *  512  K  mots  de  32  bits  ; 

Utilisation  d'un  langage  de  programmatlon  de  haut  niveau,  le  PASCAL. 


Un  atelier  loglclel  a  ite  ddveloppe  pour  la  production  et  la  raise  au  point  de  programmes 
complexes,  necessltant  1' Intervention  de  plusleurs  equlpes  de  programmatlon  pouvant  travalller  en 
parjllele  et  sur  des  sites  dlfferents. 


5.2.  fonctlons . 


Le  systeme  NADIR  MK2  peut  assurer  les  fonctlons  sutvantes  : 

-  gestlon  d'une  navigation  multl-senseurs. 

Outre  les  Informations  en  provenance  du  radar  Doppler,  le  systbme  recolt  egalement  celles 
provenant  de  senseurs  de  radio-navigation  : 

•  courte  distance  :  VOR/DME  ou  TACAN, 

•  longue  distance  :  OMEGA  ou  LORAN  C,  blentfit  NAVSTAR  GPS. 

Le  systeme  assure  en  paraliyie  l'entretlen  des  positions  calculees  en  fonctlon  de  chacun  de 
ces  senseurs,  ce  qul  assure  la  redondance  n£cessa1re  a  la  security  de  la  mission. 

Oe  plus,  la  navigation  autonome  peut  Stre  recalGe  sur  l'une  de  ces  positions,  ce  qul,  lors 
des  vols  de  crolsiyre  de  longue  dur£e,  borne  1'erreur  due  &  la  derive  du  doppler,  accrolssant 
alnsl  la  precision  globale  du  systeme  en  tout  lieu  et  quelle  que  solt  la  dur£e  du  vol . 


-  Automatlsatlon  du  pilotage  et  des  procedures  de  navigation  : 

•  couplage  au  pllote  automatlque, 

•  sulvl  automatlque  d'une  route,  d'un  pattern  de  recherche,  execution  d'une  transition 
automatlque  sur  naufrage,  ralllement  d'un  but  mobile, 

•  appel  de  points  de  report  (way  points)  reperes  par  un  code  alphabetlque, 

■  procedures  d ' ut 111  sat Ion  simples  et  fonctlonnelles,  fondees  sur  le  prlncIpe  du  "menu" 
presente  A  I'opdrateur. 

•  Recalage  manuel  de  la  navigation  ou  A  partlr  des  Informations  de  radio-navigation. 


-  Reel le  gestlon  du  vol  : 

•  Plan  de  vol  alphanumerlque  de  140  buts  dont  20  peuvent  etre  "mobiles",  et  pouvant  §tre 
ordonnes  en  10  routes  dlfferentes. 

•  Gestlon  du  carburant  :  calcul  contlnu  de  la  masse  de  carburant  restant,  de  la 
consummation  et  de  la  distance  f ranchlssable.  Alerte  automatlque  en  cas  d ' Insuf f Isance  de 
carburant  pour  rejolndre  la  base  avec  reserve.  Verification  du  temps  et  du  carburant 
necessalre  pour  sulvre  une  route,  compte  tenu  du  vent  present  sur  les  dlfferents  segments. 

•  Gestlon  du  profll  de  vol  :  calcul  contlnu  de  la  vltesse  optimum  de  crolslere, 
determination  de  la  masse  maximum  decollable,  de  la  reserve  de  puissance  dlsponlble  en 
fonctlon  des  donnAes  moteurs 

•  Gestlon  de  la  mission  :  aide  a  la  gestlon  des  frequences  de  radio-navigation  et  de 
radio  communications,  alerte  A  1'approche  d'une  zone  de  menace. 


-  Integration  des  fonctlons  anemobarometrlques  : 

•  Fournlture  des  Informations  d'altltude,  vltesse  air,  vent,  temperature,  denslte,  etc..., 
a  1 'ensemble  du  systeme  d'armes. 

•  Extension  du  calcul  de  ces  parametres  i  1 'ensemble  du  domalne  de  vol  de  la  machine. 


-  Gestlon  systeme  : 

•  Sorties  vers  P.A.,  Indlcateurs  de  navigation,  visualisations  eiectronlques  (EFIS), 
Indlcateur  cartographlque .  etc... 

•  Echanges  d ' Informations  avec  le  radar  de  recherche,  le  SONAR,  le  systeme  de  detection 
acoustlque,  etc . . . 


•  Liaisons  numerlques  de  type  ARINC  429  dlsponlbles. 

•  Possibility  d'assurer  la  gestlon  prlnrlpale  d'un  Bus  1553  B. 


-  Gestlon  d'armement  : 

•  Condulte  de  tlr  canon  Alr/Sol,  Air/Air  et  roquettes. 

•  Entretlen  de  la  configuration  et  de  la  masse  en  fonctlon  des  armements  1 1  r 6s . 

Toutes  les  fonctlons  de  gestlon  de  la  mission  Identifies  cl-dessus  peuvent  §tre  assurees  par 
NAOIR  MARK  2.  Oe  nombreuses  fonctlons  sont  bastques  et  communes  i  l'ensemble  de  la  famllle  ;  d'autres 
■;ont  opt  lonnel  les  . 

Toutefols,  1 ' extens 1 bl 1 1 te  est  une  caracterlstlque  InhArente  A  la  conception  de  cet  6qu1pement, 
et  les  provisions  retenues,  tant  au  niveau  du  materiel  que  du  loglclel  1 u 1  assurent  la  capacity  de 
tralter  de  nombreuses  fonctlons  supplemental  res . 

Un  exemple  d ' Integration  est  celul  du  DAUPHIN  SAR  de  1 ‘Aerospatiale  ou  NADIR  MARK  2,  qul 
constltue  le  calculateur  principal  de  navigation,  est  assocle  au  syst£me  de  Radio-Navigation  OMEGA 
EQUINOX  130  A  de  CROUZET.  L'ensemble  est  couple  aux  Indlcateurs  electronlques  et  au  pllote  automatlque, 
de  sorte  que  le  calculateur  EQUINOX  130  A  pulsse  assurer  la  navigation  secours  de  la  machine,  ce  qul 
confere  a  1 '  hel  tcoptere  un  maximum  de  sAcurlte. 


Visualisations  Electronlques 
et  Pllote  Automatlque 
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SYSTEME  DE  NAVIGATION  DAUPHIN  SAR 


Les  procedures  de  dialogue  avec  le  PCV  utlllsent  le  prlncIpe  du  “menu”,  c'est-a-dlre  d'une 
Mste  d '  informations  proposees  au  cholx  de  l'op6rateur.  Toutes  les  donnees  sont  classes  en  volumes, 
euxmemes  subdivises  en  “pages". 

L'acces  a  l'lnformatlon  d£s1rbe  s'effectue  par  selection  successive  du  volume,  puls  de  la  page 
concernes . 

Cette  procedure  simple  permet  1'echange  d'une  tr£s  Importante  quantlte  d ' Inf ormat Ions  entre 
I'homme  et  la  machine. 

tile  permet  un  apprentlssage  raplde  de  1 'utl 1 Isatlon  du  systime. 


Exemples  de  trajectolres  automatlques 

L 'execution  de  "patterns"  de  recherche  peut  Stre  reallsee  autoraatlquement  :  le  calculateur  de 
navigation,  qul  memorise  ces  courbes  parametrises,  guide  1 ’hei Icoptere  i  travers  le  pllote  automatlque 
le  long  de  trajectolres  predetermlnees . 


6.  CONCLUSION. 

Ainst  a  I 'origins  simple  capteur  de  1  ■  Information  de  position  du  vehlcule.  le  systdme  de 
navigation  des  hellcopteres  se  transorme  en  un  organe  central  1 sateur  d'  nformatlons  Integrant  de 
nomcreuses  fonctlons  nouvelles  destlnees  a  fournlr  une  aide  maximale  a  1  equipage.  11  devlent  un 
verltlble  organe  de  gestlon  complete  de  la  mission,  dont  les  fonctlons  devralent  encore  s'accroltre  en 
nombre  dans  les  annees  futures. 
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